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Sperm morphology is a major feature of male gametes that plays an essential 
role in sperm—oocyte interactions and early embryonic development. With the 
increased application of scanning electron microscopy (SEM) in reproductive 
medicine in recent decades, the great importance of human sperm ultrastruc- 
tural morphology has been demonstrated in the evaluation of certain 
aetiologies of male infertility and reproductive failure. However, the human 
sperm ultrastructural morphology has been incompletely described in the 
literature in the form of isolated case reports or common introductions. The 
ultrastructural morphology of human spermatozoa has not been systematically 
evaluated to date. Therefore, the author feels that a comprehensive and 
detailed presentation concerning sperm ultrastructural morphology is needed 
now because of its significant value in both basic science and clinical 
application. 

The aim of this atlas is to systematically provide ultrastructural morpho- 
logical images of human spermatozoa. The atlas includes nine chapters with 
470 images on various ultrastructural morphological phenotypes and defects 
of the sperm head, neck, middle piece, principal piece, and terminal piece, as 
well as artefacts of sperm ultrastructural morphology and phenomena related 
to inadequate preparation. All images are original and have not been published 
elsewhere. Many sperm phenotypes and surface structural appearances are 
demonstrated for the first time. Each sperm phenotype, surface structure, and 
defect are presented in several images to fully show their ultrastructural 
morphology. Some of the images of surface structures and components have 
additional pictures of the spermatozoon to further demonstrate the relationship 
between the surface structure or component and the spermatozoon. 

Sperm morphology mediates the structures of the spermatozoon to achieve 
sperm functions. During the passage of sperm through the female reproduc- 
tive tract, sperm—oocyte interactions, and delivery of the paternal genome to 
the oocyte by the sperm, the spermatozoon changes to respond to its extracel- 
lular environment by very precise and complicated processes, which are 
associated with the fine morphology of the spermatozoon. In addition, 
sperm morphology indicates the status of the spermatozoon undergoing 
spermiogenesis and epididymal maturation. Thus, based on these 
considerations, in this atlas, sperm phenotype and surface status have been 
classified in detail to comprehensively recognize sperm ultrastructural mor- 
phology. However, such a classification of sperm phenotype and surface 
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status requires further investigations on both mechanisms and clinical 
implications. 

In this atlas, the author discusses the concept of sperm ultrastructural 
morphology and categorizes the sperm phenotypes and defects on surface 
structures or phenomenon of spermatozoa. Morphological abnormalities of 
spermatozoa usually occur in multiples. The presented images in each part of 
the chapter are only examples for the introduction of that phenotype or defect 
and do not evaluate the other parts of the whole spermatozoon. 

This atlas presents many images introducing various sperm phenotypes 
and defects on surface structures and phenomena in detail, which raises the 
question of what phenotype or phenomenon represents the “normal” and 
“typical” ultrastructural morphology of spermatozoa. This question is always 
a serious consideration in the selection of the images, and the author does not 
solve this particularly difficult problem in the book. 

The images for this atlas were collected between the years 2005 and 2016 
from the author’s own experiences in the course of research on male infertil- 
ity. Most of the photographs were taken by a conventional scanning electron 
microscope, and some were taken by a field-emission scanning electron 
microscope. SEM has undergone rapid development in recent years. Different 
types of SEM yield images of different qualities and demonstrate different 
ultrastructural morphologies of spermatozoa due to their magnification, reso- 
lution, and image-forming system. It is believed that in the future, a new type 
of SEM will be developed to view the ultrastructural morphology of human 
spermatozoa in their natural states. 

In recent years, many colleagues and friends have provided assistance in 
many ways to support the completion of this book. The author would like to 
take this opportunity to express his sincere thanks to them for their help. In 
particular, the author wishes to thank Mr. Zu-Wen Guo, engineer, and other 
colleagues at the Electron Microscope Laboratory, Jinan University, for their 
excellent technical assistance. The author also wishes to thank Mr. Xu-Xin Li 
and Dr. Huan Jiang for their generous assistance with the selection of the 
images. 

The author dedicates this atlas to the scientific community and sincerely 
hopes that the atlas with its many informative images will facilitate an 
in-depth recognition of sperm morphology and provide practical assistance 
to colleagues working in the fields of andrology, reproductive medicine, and 
reproductive pathology for a better understanding of human sperm ultrastruc- 
tural morphology. 


Guangzhou, China Wei-Jie Zhu 
March 2020 
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Abstract 


Sperm morphology consists of the outer 
features of the spermatozoon and is associated 
with male fertility potential and reproductive 
outcomes. Human sperm ultrastructural mor- 
phology is the branch of sperm morphology 
that addresses the phenotype and surface status 
of spermatozoa at the nanoscopic level. Scan- 
ning electron microscopy (SEM) is a useful 
and common method for the analysis of 
sperm ultrastructural morphology. As SEM 
provides high magnification, excellent resolu- 
tion, and a three-dimensional image of sperm 
appearance, it enables full observation of ultra- 
structural surface details and determination of 
anomalies or specific features of surface 
structures of spermatozoa more easily and 
completely than other observing tools. Thus, 
the analysis of sperm ultrastructural morphol- 
ogy is an independent system for the descrip- 
tion, definition, and evaluation of sperm 
phenotypes and anomalies or features of sur- 
face structures of spermatozoa. In this chapter, 
the concept of sperm ultrastructural morphol- 
ogy and main features and limitations of the 
observation of sperm ultrastructural morphol- 
ogy are discussed. 
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Artefact - Scanning electron microscopy - 
Sperm morphology - Ultrastructural 
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Sperm morphology consists of the outer features 
of the spermatozoon, which may reflect the nor- 
mality of surface structures and components of 
the spermatozoon and is the basis of sperm func- 
tion. Poor sperm morphology is closely 
associated with decreased male fertility potential 
and abnormal reproductive outcomes. 


1.1 Formation of Sperm 


Morphology 


The shaping of spermatozoa occurs in spermio- 
genesis. During spermiogenesis, round 
spermatids undergo a complex restructuring pro- 
cess in which four obvious characteristic morpho- 
logical events occur: (1) condensation of the 
nucleus; (2) formation of the acrosome; (3) devel- 
opment of the tail; and (4) removal of the cyto- 
plasm, resulting in the formation of highly 
polarized flagellated testicular spermatozoa 
(Abou-Haila and Isiani 2000; Berruti and Paiardi 
2011; Clermont 1972; Holstein and Roosen- 
Runge 1981; Sprando and Russell 1987). 

In the epididymis, epididymal spermatozoa 
pass through the epididymis and achieve sperm 
maturation (Cooper and Yeung 2010). During 
this process, sperm morphology is further 
modified, such as by sloughing off the residual 
cytoplasm that attaches to the surface of the 
plasma membrane. Defective and pathologic 
epididymides (e.g. epididymal degeneration or 
infection) cause an increased incidence of 
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spermatozoa with abnormal morphology (Wilton 
et al. 1988; Zhu et al. 2001). 

After ejaculation, spermatozoa are suspended 
in the seminal plasma. Some seminal materials, 
such as debris and coarse particles (e.g. in highly 
viscous seminal plasma) or pathogens (e.g. in 
infected samples), may affect sperm morphology. 


1.2 Concept of Sperm 
Ultrastructural Morphology 


Human sperm ultrastructural morphology is the 
branch of sperm morphology that addresses the 
phenotype and surface status of spermatozoa at 
the nanoscopic level. Scanning electron micros- 
copy (SEM) is a useful and common method for 
the analysis of sperm ultrastructural morphology. 
As SEM provides high magnification, excellent 
resolution, and a three-dimensional image of 
sperm appearance, it enables full observation of 
ultrastructural surface details and determination 
of anomalies or specific features of surface 
structures of spermatozoa more easily and 
completely than other observing tools. 


1.3 Main Features 
of the Observation of Sperm 
Ultrastructural Morphology 


1. The scanning electron microscope forms an 
image of a sample by scanning the surface 
with a focused beam of electrons rather than 
light, a specific observation approach that 
produces a  nanoscale three-dimensional 
image of the surface details of the sperm. 
Thus, the analysis of sperm ultrastructural 
morphology is an independent system for the 
description, definition, and evaluation of 
sperm phenotypes and anomalies or features 
of surface structures of spermatozoa. Informa- 
tion on sperm morphology from other obser- 
vation tools and methods, such as optical 
microscopy and transmission electron micros- 
copy (TEM), may be used as references and 
additional information (Holstein and Roosen- 
Runge 1981; WHO 2010), to benefit the 
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comprehensive recognition of ultrastructural 
morphological anomalies and the relationship 
between the external and internal structures of 
spermatozoa. 


. The evaluation of sperm ultrastructural mor- 


phology is associated with some difficulties 
related to objectivity, artefact, variation in 
interpretation, and lack of standard methodol- 
ogy. Although ultrastructural morphological 
features of spermatozoa have been described, 
no international “normality criteria" for human 
sperm ultrastructural morphology have been 
established. In addition, no standard SEM 
methodology and quality control for the prep- 
aration of human sperm have been developed. 
Thus, determining what is “normal” or “typi- 
cal" sperm ultrastructural morphology requires 
wider and deeper investigations. In particular, 
the range and subtle variations of the ultra- 
structural morphology of spermatozoa with 
fertilizing potential should be evaluated. 


. The ultrastructural morphology of the sperma- 


tozoon under SEM observation is not the "true 
shape" of the living spermatozoon in the natu- 
ral state. In addition, preparation procedures 
may cause sperm ultrastructural modifications 
and even produce artefacts under certain 
conditions (Zhu 2018). Thus, additional atten- 
tion should be paid to the interpretation of 
surface phenomena or sperm phenotypes 
when observing the ultrastructural morphol- 
ogy of spermatozoa to avoid incorrect 
evaluation. 


. Usually, a limited number of spermatozoa of 


the sample can be clearly observed by SEM. 
Thus, the relationships between the phenotype 
of an individual spermatozoon and a general 
characteristic of the sample, the limited surface 
and the whole spermatozoon, and the outer 
phenomenon and the internal structure should 
be carefully analysed. More fields of the 
prepared sample should be observed to suffi- 
ciently explain the ultrastructural morphologi- 
cal status of spermatozoa in the sample. 


. SEM observation of spermatozoa reveals addi- 


tional surface details and morphological 
anomalies. Therefore, the percentage of 


References 


spermatozoa with abnormal ultrastructural 
morphology increases. An evaluation system 
and reference values for the normal ultrastruc- 
tural morphology of spermatozoa should be 
developed. 


Main Limitations 
of the Observation of Sperm 
Ultrastructural Morphology 


1.4 


1. The surface structure of the spermatozoon is 
frequently obscured by residual cytoplasm, 
which makes it impossible to clearly distin- 
guish the status of the surface structure. 

2. The surface of the spermatozoon sometimes 
has attached debris and particles from the sem- 
inal plasma, which interfere with the observa- 
tion of ultrastructural morphology. 

3. Artefacts of the ultrastructural morphology of 
the spermatozoa is easily produced. 

4. The spermatozoa cannot be stained to demon- 
strate different structures. 

5. The prepared specimen is not kept for a long 
time and cannot undergo more repeated 
observations. 
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Abstract 


The morphological normality of the sperm 
head plays a vital role in achieving successful 
reproduction. The head is composed of the 
acrosome and the nucleus. The surface of the 
head should be smooth without severe 
concavo-convex contour, severe concavity or 
cavity, and obvious nuclear convexity. As the 
real intranuclear vacuole is located within the 
sperm nucleus and surrounded by the plasma 
membrane (and the acrosomal membranes), 
the vacuole is not visible by a scanning elec- 
tron microscopy. This chapter addresses ultra- 
structural morphological categories, 
anomalies, and phenomena of surface 
structures of the head. 
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The morphological normality of the sperm head 
plays a vital role in achieving successful repro- 
duction. The head is composed of the acrosome 
and the nucleus. The nucleus comprises 
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chromatin, which constitutes the major part of 
the head. The acrosome is a membrane-bound 
vesicle containing several hydrolytic 
enzymes and proacrosin and forms a cap-like 
structure covering the anterior part of the 
nucleus (Curry and Watson 1995; Holstein 
et al. 1988). During natural reproduction or 
in vitro fertilization, the acrosome undergoes 
the acrosome reaction, which enables the com- 
pletion of sperm-oocyte interactions. After the 
spermatozoon fuses with the oocyte, the 
nucleus delivers its paternal genome to the 
oocyte, eventually forming a zygote and viable 
embryo. Therefore, defects in the morphology, 
structure, and function of the sperm head may 
cause male infertility and abnormal reproduc- 
tive outcomes. 


2.1 Ultrastructural Morphological 


Features of the Head 


The normal, mature human spermatozoon has an 
oval head, neck, middle piece, principal piece, 
and terminal piece. Figures 2.1 and 2.2 show the 
ultrastructural morphological appearance of the 
normal human spermatozoon. 
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Fig. 2.1 Schematic drawing of the ultrastructural mor- 
phology of the human spermatozoon. Ac acrosome, An 
annulus, Es equatorial segment, Mp middle piece, Ne 


The head of human sperm has various shapes 
due to its pleomorphism and demonstrates hetero- 
geneous appearances (Baccetti et al. 1982; 
Baccetti 1984; Holstein et al. 1988). Typically, 
the head has broad and narrow sides. However, 
some types of heads, such as round, pointed or 
tapered, and amorphous heads, have no obvious 
broad or narrow sides. 

The surface of the head is divided into two 
distinct regions, the acrosome and the 
postacrosomal region (Figs. 2.1 and 2.2). The 
acrosome is further subdivided into the anterior 
acrosomal region and the equatorial segment. The 
equatorial segment is a slightly thickened ring on 
the posterior edge of the acrosome. The 
postacrosomal region contains the postacrosomal 


neck, Pp principal piece, Pr postacrosomal region, Ps 
postacrosomal sheath, 7p terminal piece 


sheath, which is composed of the dense lamina 
situated at the anterior part of this region. The 
demarcation between the acrosome and the 
postacrosomal region is shallow. The equatorial 
segment and the postacrosomal sheath are not 
always clearly visible due to being very thin. 

At the level of ultrastructural morphology, 
defining a "normal" or "typical" shape and size 
of the sperm head is very difficult and has not yet 
been achieved. Based on the "normal" sperm 
head morphology described in the previous liter- 
ature dealing with scanning electron microscopy 
(SEM), oval shape is considered to be the basis of 
normality. Selecting oval-shaped heads with 
normal-looking surface structures for ultrastruc- 
tural morphometry, the mean length, mean width, 


2.1 Ultrastructural Morphological Features of the Head 


Fig. 2.2 Ultrastructural morphology of human spermatozoa 
(successive photographs). (a) Whole spermatozoon with nor- 
mal oval-shaped head. (b) Normal oval-shaped head, neck, and 
middle piece. (c) Equatorial segment, postacrosomal sheath, 
middle piece, annulus, and the proximal portion of the principal 
piece. (d) Proximal portion of the principal piece. (e) Middle 


portion of the principal piece. (f) Successive middle portion of 
the principal piece. (g) Distal portion of the principal piece. (h) 
Portion of the principal-terminal piece. (i) Terminal piece. Ac 
acrosome, An annulus, Es equatorial segment, Lc longitudinal 
column of the fibrous sheath, Mp middle piece, Ne neck, Pp 
principal piece, Ps postacrosomal sheath, Rc residual cytoplasm 


2 Ultrastructural Morphology of Human Sperm Head 


Fig. 2.2 (continued) 


2.1 Ultrastructural Morphological Features of the Head 
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Fig. 2.2 (continued) 


2 Ultrastructural Morphology of Human Sperm Head 


Fig. 2.2 (continued) 
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Fig. 2.2 (continued) 


and length-to-width ratio of the head are 3.93 um, 
2.65 um, and 1.48, respectively (Table 7.1). 


2.2 Ultrastructural Morphological 
Classification and Anomalies 


of the Head 


The head shapes may be divided into two patterns: 
oval and non-oval shapes. The non-oval-shaped 
head is further subdivided into specific forms 
(e.g. round, pyriform, pointed or tapered) and 
amorphous heads. The surface structures of the 


head, such as the acrosome and the postacrosomal 
sheath, may have multiple or mixed defects. 


2.2.1 Oval-Shaped Head 

The head is a smooth, regular oval in shape. Some 
oval-shaped heads may have a slightly tapered 
postacrosomal region. The surface of the head 
should be smooth without severe concavo-convex 
contour, severe concavity or cavity, and obvious 
nuclear convexity. Under SEM with high magni- 
fication and high resolution or under field- 
emission scanning electron microscopy, the 
head, including the  acrosome and the 
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Fig. 2.3 Normal oval-shaped head. Residual cytoplasm: arrows. Ac acrosome. Mp middle piece. Ne neck. Ps 
postacrosomal sheath 


Fig. 2.4 Normal oval-shaped head 
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Fig. 2.5 Normal oval-shaped head. Residual cytoplasm: arrow 


Fig. 2.6 Normal oval-shaped head. Residual cytoplasm: arrow 
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Fig. 2.7 Normal oval-shaped head with a wide border between the acrosome and the postacrosomal region (arrow) 


Fig. 2.8 Round head with the acrosome and the postacrosomal sheath. Ac acrosome, Ps postacrosomal sheath 


2.2 Ultrastructural Morphological Classification and Anomalies of the Head 


Fig. 2.9 (a) Round head with the acrosome and the postacrosomal sheath. (b) Larger view of the spermatozoon 
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Fig. 2.10 (a) Round head without the acrosome and the postacrosomal sheath. (b) Whole spermatozoon 
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Fig. 2.11 (a) Round head without the acrosome and the postacrosomal sheath. (b) Whole spermatozoon 
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Fig. 2.12 (a) Pyriform head. (b) Whole spermatozoon 


2.2 Ultrastructural Morphological Classification and Anomalies of the Head 


Fig. 2.13 (a) Pyriform head. (b) Larger view of the spermatozoon 
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Fig. 2.14 (a) Pyriform head. The anterior part of the acrosome is thickened (arrow). (b) Larger view of the 
spermatozoon 


2.2 Ultrastructural Morphological Classification and Anomalies of the Head 


Fig. 2.15 Tapered head 


Fig. 2.16 Tapered head 
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Fig. 2.17 Tapered head (top). Oval head (bottom) 


postacrosomal region, demonstrates a rough but 2. Round head without the acrosome and the 
not coarse particulate surface. Figures 2.2, 2.3, postacrosomal sheath (Figs. and ). 

, 2.5, 2.6, and present examples considered 
to normal oval-shaped heads. 


2.2.3  Pyriform Head 


2.22 Round Head Narrowing of the postacrosomal region forms a 
pyriform head. This type of head has some 
The round head is subdivided into two patterns. Variations in the shape of the pyriform appearance 
(Figs. ; , and ). 
1. Round head with the acrosome and the 
postacrosomal sheath (Figs. ; 9, and 
). 
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Fig. 2.18 (a) Tapered head. (b) Larger view of the spermatozoon 
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Fig. 2.19 Large head 


2.2.4 Tapered Head 2.2.5 Large Head 


Most of the anterior head shows some degree ofa — A large head is obviously larger than the common 
tapered or pointed shape (Figs. ; ; , head (Fig. ). However, the dimensions of a 
: ; i , and ). large head have not been defined. 


2.2 Ultrastructural Morphological Classification and Anomalies of the Head 


Fig. 2.20 (a) Oval small head with the acrosome and the postacrosomal sheath (top). Oval head with the common 
dimensions (bottom). (b) Larger view of the two spermatozoa 
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Fig. 2.21 (a) Pyriform small head with the acrosome and the postacrosomal sheath (bottom). Oval head with the 
common dimensions (top). (b) Larger view of the two spermatozoa 
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Fig. 2.22 Amorphous small head without the acrosome 


Fig. 2.23 Amorphous small head without the acrosome 
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Fig. 2.24 Amorphous small head without the acrosome 


2.2.6 Small Head 

A small head is obviously smaller than the com- 
mon head. However, the dimensions of the small 
head have not been defined. The small head is 
subdivided into two patterns. 


1. Small head with the acrosome and the 
postacrosomal sheath (Figs. and ). 

2. Small head without the acrosome and the 
postacrosomal sheath (Figs. n 3, É 
and ). 


2.2.7 Amorphous Head 

The amorphous head is a common head phenotype 

that may include two patterns. Figures 2.25, , 
50, , , : , 2.41, and present 

examples of the amorphous head. 


1. The head can be easily described as some 
shape, such as a  mushroom-shaped, 
rod-shaped, heart-shaped, or dumbbell-shaped 
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Fig. 2.25 (a) Amorphous head (mushroom-shaped head). (b) Larger view of the spermatozoon 
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Fig. 2.26 (a) Amorphous head (mushroom-shaped head). (b) Larger view of the spermatozoon 
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Fig. 2.27 (a) Amorphous head (mushroom-shaped head). (b) Larger view of the spermatozoon 


Fig. 2.28 (a) Amorphous head (rod-shaped head). (b) Larger view of the spermatozoon 


2.2 Ultrastructural Morphological Classification and Anomalies of the Head 


Fig. 2.29 (a) Amorphous head (rod-shaped head). (b) Whole spermatozoon 
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Fig. 2.30 Amorphous head (rod-shaped head) 


Fig. 2.31 Amorphous head (heart-shaped head) 
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Fig. 2.32 Amorphous head 


Fig. 2.33 Amorphous head 
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Fig. 2.34 Amorphous head 


Fig. 2.35 Amorphous head 
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Fig. 2.36 Amorphous head 


Fig. 2.37 Amorphous head 
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Fig. 2.38 Amorphous head 


Fig. 2.39 Amorphous head 
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Fig. 2.40 (a) Amorphous head. (b) Larger view of the spermatozoon 
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Fig. 2.41 (a) Amorphous head. (b) Larger view of the spermatozoon 
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Fig. 2.42 Two spermatozoa with amorphous heads 


head (Figs. i ; , 2.30, and present examples of such heads. Head- 
and ). to-head agglutination of spermatozoa is also 

2. The head is difficult to describe and can be shown in Fig. 
considered shapeless or amorphous 
(Figs. ; ; : : : : , 1. The spermatozoon has conjoined or separated 

, A ,and ). double or multiple heads and one tail 
(Figs. 4 , and ). 

2. The spermatozoon has conjoined or separated 
double or multiple heads and double or multi- 
ple individual tails (Figs. i ; 3 

, and ). 


2.2.8 | Double or Multiple Heads 


Double or multiple heads have multiple forms. 
Figures , , , , , , , 
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Fig. 2.43 (a) Conjoined double heads with one neck and one tail. (b) Whole spermatozoon 
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Fig. 2.44 (a) Separated double heads with one neck and one tail. (b) Whole spermatozoon 
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Fig. 2.45 (a) Separated double heads with one neck and one tail. (b) Larger view of the spermatozoon 
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Fig. 2.46 (a) Conjoined double heads with one neck and combined double tails (bottom). (b) Larger view of the 
spermatozoon with conjoined double heads (bottom). Oval head with one neck (top) 
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Fig. 2.47 (a) Separated double heads with combined double necks and combined double tails. (b) Whole spermatozoon 
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Fig. 2.48 (a) Conjoined double heads with conjoined double neck-middle pieces and separated double principal pieces. 
(b) Larger view of the spermatozoon 


Ultrastructural Morphology of Human Sperm Head 


Fig. 2.49 (a) Separated double heads with separated four tails. (b) Larger view of proximal portions of four principal 
pieces, showing the striated surface of dense fibres within the fibrous sheath (arrow) 
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Fig. 2.50 Conjoined triple heads with separated three necks (arrows) and separated three tails 


2.2.9 Degenerated Head 2.2.10 Isolated Head 
A degenerated head shows severe vacuolation, a The isolated head shows no tail and has two 
loose nucleus, or a headless shape. Figures , patterns. 
: " , and present examples of 
degenerating heads at different stages of 1. Isolated head with the neck (Figs. and 
degeneration. ). 
2. Isolated head without the neck (Figs. and 


). 
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Fig. 2.51 (a) Head-to-head agglutination of spermatozoa (at the low level of antisperm antibody). (b) Head with a deep 
and large cavity at the top of the head (bottom). Intact head (top) 
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Fig. 2.52 (a) Degenerated head with loose nucleus. Mitochondrial sheath absence (arrow). (b) Larger view of the 
spermatozoon 
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Fig. 2.53 (a) Degenerated head with severe vacuolation and loose nucleus. Mitochondrial sheath absence (arrow). (b) 
Whole spermatozoon 


2.2 Ultrastructural Morphological Classification and Anomalies of the Head 


Fig. 2.54 (a) Degenerated head with severe vacuolation and severe loose nucleus. Neck with incomplete separation 
(arrow). (b) Larger view of the spermatozoon 
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Fig. 2.55 Degenerated head with no head shape. Completely loose sperm nucleus 


2.2.11 Different Views of the Head 


Different views of the heads, such as the narrow 
side and the bent head, may be observed 


(Figs. ; , : , , , , 
and ). 
2.3 Ultrastructural Morphological 


Anomalies of the Surface 
Status of the Head 


The surface status of the head may reflect the 
quality of the nucleus. The following 


malformations or irregularities of the surface sta- 
tus of the head can be observed: concavo-convex 
surface, shallow or deep concavity, shallow cav- 
ity, deep and large cavity, perforated head, partly 


absent head edge, and nuclear convexity 
(Figs. ; s ; ; l; : iR 
, , , , , , , , 
, , , , , , , , 
, , , , , , , , 
and ). 


As the real intranuclear vacuole is located 
within the sperm nucleus and surrounded by the 
plasma membrane (and the acrosomal 
membranes), the vacuole is not visible by SEM. 


2.3 Ultrastructural Morphological Anomalies of the Surface Status of the Head 


Fig. 2.56 (a) Degenerated double heads with severe loose nuclei. Conjoined double tails (arrows). (b) Larger view of 
the spermatozoon with degenerated double heads (bottom). Two intact oval heads (left, right) 
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Fig. 2.57 Isolated head with the neck surrounded by the cytoplasm (arrow) 


Fig. 2.58 Isolated head with the neck surrounded by the cytoplasm (arrow) 


2.3 Ultrastructural Morphological Anomalies of the Surface Status of the Head 


Fig. 2.59 Isolated head 


Fig. 2.60 Isolated head 
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Fig. 2.61 Narrow side of the head 


Fig. 2.62 Narrow side of the head 


2.3 Ultrastructural Morphological Anomalies of the Surface Status of the Head 


Fig. 2.63 Narrow side of the head 


Fig. 2.64 Narrow side of the amorphous head 
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Fig. 2.65 (a) Bent anterior part of the head. (b) Larger view of the spermatozoon 


Fig. 2.66 (a) Bent head. (b) Larger view of the spermatozoon 
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Fig. 2.67 Pyriform head with severe concavo-convex surface 


Fig. 2.68 Pyriform head with severe concavo-convex surface 
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Fig. 2.69 Oval head with shallow concavity and shallow cavities 


Fig. 2.70 Oval head with shallow concavity and shallow cavities 
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Fig. 2.71 Round head with deep concavity 


Fig. 2.72 Pyriform head with deep concavity 
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Fig. 2.73 Oval head with deep concavity 


Fig. 2.74 Amorphous head with deep concavity (right). Oval head without deep concavity (left) 
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Fig. 2.75 Amorphous head with deep concavity 


Fig. 2.76 Amorphous head with deep concavity 
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Fig. 2.77 (a) Amorphous head with deep concavity. (b) Larger view of the spermatozoon 
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Fig. 2.78 Round head with a deep and large cavity at the acrosomal region (arrow) 


Fig. 2.79 Pyriform head with a deep and large cavity at the acrosomal region (arrow) 
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Fig. 2.80 Oval head with a deep and large cavity at the top of the head (arrow) 


Although TEM reveals that a vacuole is located 
within the sperm nucleus (Figs. : , and 

3), this phenomenon is actually associated 
with multiple nuclear alterations, such as a 
concavo-convex surface, shallow concavity, shal- 
low cavity, deep and large cavity, and perforated 
head, due to the location of ultrathin sections of 
the sperm head. In addition, the vacuole may 
exhibit intranuclear cytoplasmic retention 


(INCR), which changes the nuclear integrity 
(Zhu ). Examples of the intranuclear vacuole 
are shown in Figs. , 2.100, 2.101, , and 


1. Head with severe concavo-convex surface 


(Figs. and ). 
2. Head with shallow concavity or shallow cavity 
(Figs. and ). 
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Fig. 2.81 (a) Two amorphous heads with deep and large cavities (arrows). (b) Larger view of the two spermatozoa 
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Fig. 2.82 Heart-shaped head with two small deep cavities at the acrosomal region (arrow) 


Fig. 2.83 Pyriform head with a deep and large cavity at the equatorial segment (arrow) 
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Fig. 2.84 Oval head with a deep and large cavity at the edge of the head (arrow) 


Fig. 2.85 Oval head with a deep and large cavity at the postacrosomal region (arrow) 
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Fig. 2.86 Amorphous head with multiple deep and large cavities (arrows) 


Fig. 2.87 Perforated head (arrow) 
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Fig. 2.88 (a) Perforated head (arrow). (b) Larger view of the spermatozoon 
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Fig. 2.89 Pyriform head with partly absent edge (arrow) 


Fig. 2.90 Pyriform head with partly absent edge (arrow) 
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Fig. 2.91 Pyriform head with partly absent edge (arrow) and deep concavity 


Fig. 2.92 Amorphous head with severe absent edge (arrow) (bottom). Oval head with intact edge (top) 


2.3 Ultrastructural Morphological Anomalies of the Surface Status of the Head 


Fig. 2.93 (a) Pyriform head with nuclear convexity. (b) Larger view of the spermatozoon with nuclear convexity (left). 
Oval head without nuclear convexity (right) 
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Fig. 2.94 (a) Pyriform head with nuclear convexity. (b) Whole spermatozoon 
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Fig. 2.95 (a) Pyriform head with nuclear convexity. (b) Larger view of the spermatozoon 
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Fig. 2.96 (a) Amorphous head with nuclear convexity. (b) Larger view of the spermatozoon 
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Fig. 2.97 (a) Pyriform head with two nuclear convexities and one deep and large cavity. (b) Whole spermatozoon with two 
nuclear convexities and one deep and large cavity (top). Pyriform head without nuclear convexity and cavity (bottom) 
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Fig. 2.98 (a) Pyriform head with one nuclear convexity and two deep and large cavities. (b) Larger view of the 
spermatozoon 


2.3 


Ultrastructural Morphological Anomalies of the Surface Status of the Head 
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Fig. 2.99 TEM micrograph of the sperm head, showing the vacuole within the nucleus (triangle) 
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Fig. 2.100 TEM micrograph of the sperm head, showing the vacuole (triangle) and the intranuclear cytoplasmic 
retention (INCR) (asterisk) within the nucleus 
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a b 


Fig. 2.101 Sperm head with a deep cavity. (a) Phase Fluorescent photograph of spermatozoa stained with 
contrast photograph of spermatozoa. (b) Fluorescent pho- Pisum sativum agglutinin (PSA), showing the mouth of 
tograph of spermatozoa stained with propidium iodide the cavity at the surface of the head. Head cavity: arrows 
(PD. The cavity is located within the nucleus. (c) 
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Fig. 2.102 Sperm head with the intranuclear vacuole. (a) 
Phase contrast photograph of spermatozoa. (b) Fluorescent 
photograph of spermatozoa stained with propidium iodide 
(PI). The vacuole is located within the nucleus. (c) 
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b 


Fluorescent photograph of spermatozoa stained with 
Pisum sativum agglutinin (PSA). The vacuole is covered 
by the acrosome. This vacuole is the intranuclear vacuole. 
Vacuole: arrows 
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Fig. 2.103 TEM micrograph of the sperm head, showing the thickening anterior part of the acrosome (arrows) 
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Fig. 2.104 Pyriform head with the thickening anterior part of the acrosome (arrow) 


Fig. 2.105 Pyriform head with the thickening anterior part of the acrosome (arrow) 
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Fig. 2.106 Pyriform head with the thickening anterior part of the acrosome (arrow) 


Fig. 2.107 Pyriform head (the sloping broad side) with the thickening anterior part of the acrosome (arrow) 
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Fig. 2.108 (a) Pyriform head with the thickening anterior irregular edge of the acrosome (arrowhead) (top). (b) 
part of the acrosome (arrow) and the irregular edge of the Larger view of the two spermatozoa 
acrosome (arrowhead) (bottom). Pyriform head with the 
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Fig. 2.109 Oval head with the irregular edge of the acrosome (arrow) 


Fig. 2.110 Amorphous head with the irregular edge of the acrosome (arrow) (top). Oval head with a cavity at the 
postacrosomal region (arrowhead) (bottom) 
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Fig. 2.111 Oval head with the irregular edge of the acrosome (arrow) (bottom) 


3. Head with deep concavity (Figs. , , 6. Head with partly absent edge (Figs. j j 
s ; : , and ). , and ). 

4. Head with deep and large cavity (Figs. , 7. Head with nuclear convexity (Figs. 2.93, ; 
3 : ; ; P ; , and ; , , and ). 
) 8. Head with intranuclear vacuole (Figs. 3 


5. Perforated head (Figs. and ). 100, P , and ). 
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Fig. 2.112 (a) Pyriform head with the irregular edge of the acrosome (arrow) and a cavity at the postacrosomal region 
(arrowhead). (b) Larger view of the spermatozoon 
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Fig. 2.113 (a) Pyriform head with the irregular edge of the acrosome (arrow) (bottom). Pyriform head with the regular 
edge of the acrosome (arrowhead) (top). (b) Larger view of the two spermatozoa 
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Fig. 2.114 Unclear acrosome. The postacrosomal sheath may be seen indistinctly (arrow), which indicates that the 
acrosome may be present 


Fig. 2.115 Unclear acrosome. The demarcation between the acrosome and the postacrosomal region is clear (arrow), 
which indicates that the acrosome may be present 
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Fig. 2.116 Unclear acrosome. The demarcation (arrow) between the acrosome and the postacrosomal region, and the 
postacrosomal sheath (arrowhead) are clear, which indicate that the acrosome may be present 


Fig. 2.117 Pyriform head with small acrosome (arrow) 
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Fig. 2.118 Pyriform head with small acrosome and the irregular edge of the acrosome (arrow) 


Fig. 2.119 Amorphous head with small acrosome (arrow) and bent middle piece (arrowhead) 
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Fig. 2.120 Elongated head with small acrosome (arrow) 


acrosome appears smooth and regular. The 
Anomalies and Phenomena shape of the acrosome is closely related to the 
of Surface Structures status of the nucleus. Examples of defects and 
of the Head eae er of the acrosome are shown in 

igs. ; ; ; ; : : 


2.4 Ultrastructural Morphological 


2.4.1 Acrosome i ? ? ! j : 


The acrosome is clearly visible and covers the 
anterior part of the head. The whole area of the 
acrosome is intact. The posterior edge of the 
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Fig. 2.121 (a) Pyriform head with large acrosome (arrow) (bottom). Oval head with the normal sizes of the acrosome 
and the postacrosomal region (top). (b) Larger view of the two spermatozoa 
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Fig. 2.122 Oval head with partly absent acrosome (arrowhead). More than 50% of the acrosome are absent. Appearance 
of the segmented columns of the neck (arrow). Ac acrosome, Ps postacrosomal sheath, Sc segmented columns 


Fig. 2.123 Oval head with partly absent acrosome (arrow). More than 50% of the acrosome are absent 
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See enr 


. Thickening anterior part of the acrosome, 

showing a “small acrosome” (Figs. ; 
; 104, ! 5, 107, and 
). The TEM micrograph demonstrates 

the thickening anterior part of the acrosome 

(Fig. ). 

. Irregular edge of the acrosome (Figs. 3 

5 E , , and ). 

. Unclear acrosome. The acrosome is probably 

present but is not clearly distinguishable, 

which may be associated with too thin 


Fig. 2.124 Oval head with partly absent acrosome (arrow) (top). More than 5046 of the acrosome are absent. Oval head 
with complete acrosome (arrowhead) (bottom) 


acrosome or other factors (Figs. 2 ; 
and ). 


. Small acrosome. The length of the acrosome is 


less than half of the entire head (Figs. ; 
; , and ). 


. Large acrosome. The posterior edge of the 


acrosome is obviously larger than the anterior 
edge of the postacrosomal region (Fig. ). 


. Partly absent acrosome (Figs. ; ; 


, ; , and ). 


. Irregular acrosome (Figs. and 9). 
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Fig. 2.125 (a) Pyriform head with partly absent acrosome (arrow). (b) Larger view of the spermatozoon 
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Fig. 2.126 Amorphous head with partly absent acrosome (arrow) 


Fig. 2.127 Amorphous head with partly absent acrosome (arrow) 


2 Ultrastructural Morphology of Human Sperm Head 


Fig. 2.128 Amorphous head with irregular acrosome and a large cavity at the top of the head 


Fig. 2.129 Amorphous head with irregular acrosome and deep concavity 
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Fig. 2.130 Pyriform head with absent acrosome 


Fig. 2.131 Pyriform head with absent acrosome 
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Fig. 2.132 Oval head with absent acrosome and deep concavity 


Fig. 2.133 Oval head with absent acrosome and deep concavity 
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Fig. 2.134 Pyriform head with absent acrosome and deep concavity 


Fig. 2.135 Amorphous head with absent acrosome and severe concavo-convex surface 
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Fig. 2.136 (a) Pyriform head covered by residual cytoplasm. (b) Larger view of the spermatozoon 
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Fig. 2.137 (a) Amorphous head covered by residual cytoplasm. (b) Larger view of the spermatozoon 
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Fig. 2.138 Pyriform head with the thickening equatorial segment (arrow) 


8. Absent acrosome (Figs. 3 , > 


" , and ). 
9. Acrosome covered by residual cytoplasm 
(Figs. and ). 
2.4.2 Equatorial Segment 


A thickening equatorial segment of the acrosome 
is often observed (Figs. 5 9, and ). 


2.4.3 Postacrosomal Sheath 

The postacrosomal sheath is a dense lamina, 
which is related to the normality or status of the 
postacrosomal region. On some sperm heads, 
thickening anterior edges of the postacrosomal 
sheath are observed (Figs. and ). 
However, the postacrosomal sheath is not always 
easy to identify. A wide indentation indicates a 
clear border between the acrosome and the 
postacrosomal region (Figs. ; ; : 
, and ). 


, > 
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Fig. 2.139 (a) Pyriform head with the thickening equatorial segment (arrow). (b) Larger view of the spermatozoon 
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Fig. 2.140 (a) Pyriform head with the thickening equatorial segment (arrow). (b) Larger view of the spermatozoon 


2.5 Ultrastructural Morphological Anomalies of the Postacrosomal Region 
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Fig. 2.141 Pyriform head (the sloping broad side) with the thickening anterior edge of the postacrosomal sheath (arrow) 
and a wide border between the acrosome and the postacrosomal region (arrowhead) 


2.5 Ultrastructural Morphological 
Anomalies of the 


Postacrosomal Region 


The appearance of the postacrosomal region 
varies in shape and size. The surface of the 
postacrosomal region frequently appears unclean 
and unclear due to shrinkage of residual cyto- 
plasm. The cavity of the head may occur in this 
region. Examples of anomalies and phenomena of 
the postacrosomal region are shown in 


Figs. , 3 : , , , 
3 , and 
1. Flat postacrosomal region (Figs. and 
) 
2. Large or irregular postacrosomal region 
(Figs. ; : ; , and ) 
3. Small postacrosomal region (Figs. and 
j: 
4. Partly absent ^ postacrosomal region 
(Fig. ). 
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Fig. 2.142 (a) Bent head with the thickening anterior edge of the postacrosomal sheath (arrow). (b) Larger view of the 
spermatozoon 
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Fig. 2.143 Oval head with a wide border between the acrosome and the postacrosomal region (arrow). Postacrosomal 
sheath: arrowhead 


Fig. 2.144 Pyriform head with a wide border between the acrosome and the postacrosomal region (arrow). 
Postacrosomal sheath: arrowhead 
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Fig. 2.145 Oval head with a wide border between the acrosome and the postacrosomal region (arrow) 


Fig. 2.146 Pyriform head with a wide border between the acrosome and the postacrosomal region (arrow) 


2.5 Ultrastructural Morphological Anomalies of the Postacrosomal Region 


Fig. 2.147 (a) Pyriform head with a wide border between the acrosome and the postacrosomal region (arrow). (b) 
Whole spermatozoon 


2 Ultrastructural Morphology of Human Sperm Head 


Fig. 2.148 (a) Oval head with flat postacrosomal region (arrow). (b) Larger view of the spermatozoon 


2.5 Ultrastructural Morphological Anomalies of the Postacrosomal Region 119 


Fig. 2.149 Pyriform head with flat postacrosomal region (arrow) 
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Fig. 2.150 (a) Amorphous head with large postacrosomal region (arrow). (b) Larger view of the spermatozoon 


2.5 Ultrastructural Morphological Anomalies of the Postacrosomal Region 


Fig. 2.151 Amorphous head with large postacrosomal region (arrow). Small acrosome (arrowhead) 


Fig. 2.152 Elongated head with elongated postacrosomal region (arrow) 
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Fig. 2.153 (a) Elongated head with elongated postacrosomal region (arrow). Small acrosome (arrowhead). (b) Larger 
view of the spermatozoon 


2.5 Ultrastructural Morphological Anomalies of the Postacrosomal Region 


Fig. 2.154 Small postacrosomal region (arrow) 


Fig. 2.155 Small postacrosomal region (arrow) 


2 Ultrastructural Morphology of Human Sperm Head 


Fig. 2.156 (a) Pyriform head with partly absent postacrosomal region (arrow) (top). Pyriform head with complete 
postacrosomal region (bottom). (b) Larger view of the two spermatozoa 
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Abstract 


The sperm neck supports the sperm head 
mechanically and mediates coordination of 
the movement of the sperm. The major 
components of the neck are the connecting 
piece and the proximal centriole. The 
connecting piece is composed of the capitulum 
and segmented columns. The segmented 
columns of the neck appear like the arranged 
com kernels. The neck is a major region of 
residual cytoplasm. The cytoplasmic remnant 
also often extends to the middle piece and the 
head, resulting in severe structural 
malformations of the sperm components. 
Main ultrastructural morphological abnormal 
forms of the neck include smooth or sharply 
angulated bent neck, abaxial junction of the 
neck to the head, dislocation of the neck from 
the head, thick or thin neck, neck with residual 
cytoplasm, and double or multiple necks. 


Keywords 


Proximal centriole - Residual cytoplasm - 
Segmented column - Sperm neck - 
Ultrastructural morphology 


The sperm neck joins the sperm head and the tail. 


Before fertilization, the neck has two functions: 
(1) supporting the sperm head mechanically and 
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(2) mediating coordination of the movement of 
the sperm. After the spermatozoon enters the 
oocyte, the proximal centriole within the neck 
forms the sperm aster, which participates in guid- 
ing the female pronucleus towards the male pro- 
nucleus (Palermo et al. 1997; Sathananthan et al. 
1996). 


3.1 Ultrastructural Morphological 


Features of the Neck 


The neck is a short segment that lies between the 
bottom of the nucleus and the first winding of the 
mitochondrial sheath. The major components of 
the neck are the connecting piece and the proxi- 
mal centriole. The connecting piece is situated 
just behind the basal plate of the nucleus and is 
composed of the capitulum, a dense dome-shaped 
fibrous structure, and segmented columns. The 
segmented columns of the neck appear like the 
arranged corn kernels, which is demonstrated in 
Figs. 2.122 and 3.1. The proximal centriole is 
located transversely within the segmented 
columns and consists of a circular system of 
nine triplet microtubules (Fig. 3.2) (Curry and 
Watson 1995; Holstein and Roosen-Runge 1981). 

The mean length and width of the neck are 
0.63 um and 0.55 um, respectively (Table 7.1). 
The distal end of the neck is slightly thinner than 
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Fig. 3.1 Appearance of the segmented columns of the neck (arrow). Ac acrosome, Ps postacrosomal sheath, Sc 
segmented columns 


Fig. 3.2 TEM micrograph of the neck. Bp basal plate of the nucleus, Pc proximal centriole, Mi mitochondrion, Pm 
plasma membrane, Ps postacrosomal sheath, Sc segmented columns 


3.3 Ultrastructural Morphological Anomalies of the Neck 


the proximal end. The surface of the neck has no 
obvious morphological characteristics and is fre- 
quently covered and obscured by residual 
cytoplasm. 


3.2 Cytoplasmic Remnant 
Spermatozoa with residual cytoplasm are com- 
mon among ejaculated human spermatozoa. The 
cytoplasmic remnant varies in size, amount, 
shape, content, location, and distribution at the 
spermatozoa. The sperm neck is a major region of 
residual cytoplasm. The cytoplasmic remnant 
also often extends to the middle piece and the 
head, preventing analysis of the surface fine struc- 
ture of the sperm components. The cytoplasmic 
remnant frequently causes changes in the 
structures, including the neck, the middle piece, 
and even the head, resulting in severe structural 
malformations of the sperm components. 


3.2.1 Residual Types of Cytoplasmic 


Remnant 


TEM micrographs of human spermatozoa reveal 
that the cytoplasm is membrane bound (Figs. 3.2 
and 3.3) Combining the TEM and SEM 
observations shows that the cytoplasmic remnant 
of the sperm has two residual types: (1) existing 
within the plasma membrane, forming the inner 
contents of the sperm (Figs. 3.2 and 3.3), and 
(2) covering or attaching to the surface of plasma 
membrane, forming the outer covering of the 
sperm (Figs. 3.4, 3.5, 3.6, and 3.7). 


3.2.2 Classification of Cytoplasmic 


Remnant 


For practical purposes, the cytoplasmic remnant 
of the sperm should be classified as slight or 
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severe according to the following criteria at the 
level of ultrastructural morphology. However, the 
clinical implications of this classification need 
further investigation. 

The slight type: (1) the cytoplasm is narrower 
than the head, (2) the cytoplasm is shorter than 
half of the middle piece, and (3) the cytoplasm 
does not cause structural malformation of the 
sperm component. 

The severe type: (1) the cytoplasm is wider 
than the head, (2) the cytoplasm is longer than 
half of the middle piece, or (3) the cytoplasm 
causes severe structural malformation of the 
sperm component. 


3.3 Ultrastructural Morphological 


Anomalies of the Neck 


Main abnormal ultrastructural morphologies of 
the neck are listed below and shown in 
Figs. 3.8, 3.9, 3.10, 3.11, 3.12, 3.13, 3.14, 3.15, 
310, X17, 3.15, 319, 3.20, 2,21, 3.22, 323, 
3.24, 3.25, 3.26, 3.27, 3.28, 3.29, 3,30, 3.31, 
3.52, 233, 23.34, 3.35, 3.36, 2,37, 3,38, 3:39, 
3.40, 3.41, 3.42, 3.43, 3.44, 3.45, 3.46, 3.47, 
345, 349, 3.50, 3.5], 3.52, 3,53, 3.54, 3.55, 
3.56, 3.57, 3.58, 3.59, 3.60, 3.61, 3.62, 3.63, 
3.64, 3.65, 3.66, 3.67, 3.68, 3.69, 3.70, 3.71, 
3.72, 3.73, and 3.74. 


1. Smooth bent neck (Figs. 3.8 and 3.9). 

2. Sharply angulated bent (less than 90?) neck 
(Figs. 3.10, 3.11, 3.12, 3.13, 3.14, 3.15, 3.16, 
3.17, 3.18, and 3.19). 

3. Abaxial junction of the neck to the head 
(Figs. 3.20, 3.21, 3.22, 3.23, 3.24, 3.25, 
3.26, 3.27, 3.28, and 3.29). 

4. Dislocation of the neck from the head. The 
proximal end of the sperm neck is not 
connected to the head (Figs. 3.30, 3.31, 
3.32, 3.33, 3.34, and 3.35). 

5. Thick neck (Figs. 3.36 and 3.37). 
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Fig. 3.3 TEM micrograph of the neck-middle piece. Mi mitochondrion, Ms membranous substances, Pm plasma 
membrane 


6. Thin neck (Figs. 3.38, 3.39, 3.40, and 3.41). 8. Residual cytoplasm causing severe structural 


7. Residual cytoplasm at the neck region and malformation of sperm | components 
extending to the middle piece and the head (Figs. 3.63, 3.64, 3.65, 3.66, 3.67, 3.68, 
(Figs. 3.42, 3.43, 3.44, 3.45, 3.46, 3.47, 3.48, 3.69, and 3.70). 

3.49, 3.50, 3.51, 3.52, 3.53, 3.54, 3.55, 3.56, 9. Split neck (Figs. 3.71, 3.72, and 3.73). 
3.57, 3.58, 3.59, 3.60, 3.61, and 3.62). 10. Double or multiple necks (Figs. 2.47, 2.48, 


2.49, 2.50, 3.74, and 4.24). 


3.3 Ultrastructural Morphological Anomalies of the Neck 


Fig. 3.4 Residual cytoplasm attaching to the surface of the plasma membrane (arrow) and covering the neck-middle 
piece (arrowhead) 


Fig. 3.5 Residual cytoplasm attaching to the surface of the plasma membrane (arrow). The neck-middle piece probably 
contains residual cytoplasm surrounded by the plasma membrane (arrowhead) 
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Fig. 3.6 Residual cytoplasm attaching to the surface of the plasma membrane (arrow). The neck-middle piece probably 
contains residual cytoplasm surrounded by the plasma membrane (arrowhead) 


Fig. 3.7 Residual cytoplasm attaching to the surface of the plasma membrane of the sperm head (arrow) 
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Fig. 3.8 Oval-headed spermatozoon with smooth bent neck 


Fig. 3.9 Oval-headed spermatozoon with smooth bent neck (arrow). Small acrosome (arrowhead) 
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Fig. 3.10 Pyriform head spermatozoon with sharply angulated bent neck (arrow) 


Fig. 3.11 Pyriform head spermatozoon with sharply angulated bent neck (arrow) 
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Fig. 3.12 Pyriform head spermatozoon with sharply angulated bent neck (arrow) 


Fig. 3.13 Pyriform head spermatozoon with sharply angulated bent neck (arrow) 
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Fig. 3.14 Pyriform head spermatozoon with sharply angulated bent neck (arrow) 


Fig. 3.15 Oval-headed spermatozoon with sharply angulated bent neck (arrow) 
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Fig. 3.16 Rod-shaped head spermatozoon with sharply angulated bent neck (arrow) 


Fig. 3.17 Oval-headed spermatozoon with sharply angulated bent neck (arrow). Smooth bent middle piece with the 
disassembled and denuded dense fibres (arrowhead) 


3 Ultrastructural Morphology of Human Sperm Neck 


Fig. 3.18 Pyriform head spermatozoon with sharply angulated bent neck (arrow) 


Fig. 3.19 Oval-headed spermatozoon with sharply middle piece (arrowhead) (right). The two spermatozoa 
angulated bent neck (arrow) (left). Oval-headed spermato- ^ have severe residual cytoplasm at the neck regions 
zoon with sharply angulated bent neck and smooth bent 
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Fig. 3.20 Oval-headed spermatozoon with the abaxial junction of the neck to the head 


Fig. 3.21 Oval-headed spermatozoon with the abaxial junction of the neck to the head 
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Fig. 3.22 Pyriform head spermatozoon with the abaxial junction of the neck to the head 


Fig. 3.23 Pyriform head spermatozoon with the abaxial junction of the neck to the head 
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Fig. 3.24 Oval-headed spermatozoon with the abaxial junction of the neck to the head 


Fig. 3.25 Oval-headed spermatozoon with the abaxial junction of the neck to the head 
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Fig. 3.26 Pyriform head spermatozoon with the abaxial junction of the neck to the head 


Fig. 3.27 Pyriform head spermatozoon with the abaxial junction of the neck to the head. Slight residual cytoplasm 
(arrow) 
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Fig. 3.28 Amorphous head spermatozoon with the abaxial junction of the neck to the head. Large postacrosomal region 
(arrow) 


Fig. 3.29 Amorphous head spermatozoon with the abaxial junction of the neck to the head (arrow). Large 
postacrosomal region (arrowhead) 
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Fig. 3.30 Oval-headed spermatozoon with dislocation of the neck from the head. Proximal end of the sperm neck 
(arrow) 


Fig. 3.31 Oval-headed spermatozoon with dislocation of the neck from the head. Proximal end of the sperm neck (arrow) 
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Fig. 3.32 Oval-headed spermatozoon with dislocation of the neck from the head. Proximal end of the sperm neck 
(arrow) 


Fig. 3.33 Small head spermatozoon with dislocation of the neck from the head. Proximal end of the sperm neck (arrow) 
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Fig. 3.34 Amorphous head spermatozoon with dislocation of the neck from the head. Proximal end of the sperm neck 
(arrow) 


Fig. 3.35 Amorphous head spermatozoon with dislocation of the neck from the head (arrow) (bottom). Pyriform head 
spermatozoon with a short middle piece (arrowhead) (top) 
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Fig. 3.36 Abnormal head spermatozoon with thick neck (arrow) 
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Fig. 3.37 Abnormal head spermatozoon with thick and elongated neck (arrow). The two spermatozoa on the left have 
severe residual cytoplasm on the head surfaces 
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Fig. 3.38 Pyriform head spermatozoon with thin neck (arrow) 


Fig. 3.39 Pyriform head spermatozoon with thin neck (arrow) 
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Fig. 3.40 Pyriform head spermatozoon with thin neck (arrow) 


Fig. 3.41 Abnormal head spermatozoon with thin neck (arrow) 
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Fig. 3.42 Round head spermatozoon with slight residual cytoplasm at the neck (arrow) 


Fig. 3.43 Oval-headed spermatozoon with slight residual cytoplasm at the neck-middle piece 
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Fig. 3.44 Oval-headed spermatozoon with slight residual cytoplasm at the neck-middle piece 


Fig. 3.45 Oval-headed spermatozoon with slight residual cytoplasm at the neck-middle piece 
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Fig. 3.46 Pyriform head spermatozoon with slight residual cytoplasm at the neck-middle piece 


Fig. 3.47 Pyriform head spermatozoon with slight residual cytoplasm at the postacrosomal region and the neck-middle 
piece 
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Fig. 3.48 Amorphous head spermatozoon with slight residual cytoplasm at the neck-middle piece 


Fig. 3.49 Pyriform head spermatozoon with slight residual cytoplasm at the middle piece 
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Fig. 3.50 Pyriform head spermatozoon with severe residual cytoplasm at the neck-middle piece. The cytoplasm is wider 
than the head 


Fig. 3.51 Pyriform head spermatozoon with severe residual cytoplasm at the neck-middle piece. The cytoplasm is wider 
than the head 


3.3 Ultrastructural Morphological Anomalies of the Neck 


Fig. 3.52 Pyriform head spermatozoon (right) with ^ without the cytoplasm at the neck. Oval-headed spermato- 
severe residual cytoplasm. The cytoplasm covers the zoon (middle) with the abaxial junction of the neck to 
neck-middle piece. Oval-headed spermatozoon (left) the head 


Fig. 3.53 Oval-headed spermatozoon with severe residual cytoplasm. The cytoplasm covers the neck-middle piece 
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Fig. 3.54 Pyriform head spermatozoon with severe residual cytoplasm. The cytoplasm covers the neck-middle piece 


Fig. 3.55 Pyriform head spermatozoon with severe residual cytoplasm. The cytoplasm covers the neck-middle piece 
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Fig. 3.56 Tapered head spermatozoon with severe residual cytoplasm. The cytoplasm covers the neck-middle piece 


oat SEM 


Fig. 3.57 Pyriform head spermatozoon with severe residual cytoplasm. The cytoplasm covers the postacrosomal region 
and the neck-middle piece 
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Fig. 3.58 Tapered head spermatozoon with severe residual cytoplasm. The cytoplasm covers the neck-middle piece 


Fig. 3.59 Amorphous head spermatozoon with severe residual cytoplasm. The cytoplasm covers the postacrosomal 
region and the neck-middle piece 
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Fig. 3.60 Amorphous head spermatozoon with severe residual cytoplasm. The cytoplasm covers the head and the neck- 
middle piece 


3 Ultrastructural Morphology of Human Sperm Neck 


Fig. 3.61 (a) Amorphous head spermatozoon with severe residual cytoplasm. The cytoplasm covers the head and the 
neck-middle piece. (b) Whole spermatozoon 
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Fig. 3.62 (a) Amorphous head spermatozoon with severe residual cytoplasm. The cytoplasm covers the head and the 
neck-middle piece. (b) Larger view of the spermatozoon 
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Fig. 3.63 Residual cytoplasm causing severe structural malformation of sperm components 


Residual cytoplasm causing severe structural malformation of sperm 
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Fig. 3.65 Residual cytoplasm causing severe structural malformation of sperm components 
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Fig. 3.66 (a) Residual cytoplasm causing severe structural malformation of sperm components. (b) Whole 
spermatozoon 
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Fig. 3.67 Residual cytoplasm causing severe structural malformation of sperm components 


Fig. 3.68 Residual cytoplasm causing severe structural malformation of sperm components 
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Fig. 3.69 Residual cytoplasm causing severe structural malformation of sperm components 
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Fig. 3.70 Residual cytoplasm causing severe structural malformation of sperm components (right) 


3.3 Ultrastructural Morphological Anomalies of the Neck 


Fig. 3.71 (a) Oval-headed spermatozoon with a neck cavity (arrow). (b) Larger view of the spermatozoon with a neck 
cavity (top) 
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Fig. 3.72 Pyriform head spermatozoon with splitting neck (arrow) 


Fig. 3.73 Amorphous head spermatozoon with splitting neck (arrow) 


3.3 Ultrastructural Morphological Anomalies of the Neck 


Fig. 3.74 (a) Oval-headed spermatozoon with three necks (arrows), three middle pieces, and one principal piece. (b) 
Whole spermatozoon 
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Abstract 


Movement is the most obvious functional fea- 
ture of sperm and an essential prerequisite for 
natural reproduction. The morphological nor- 
mality and structural integrity of the middle 
piece are the basis for sperm motility. The 
middle piece is composed of the mitochondrial 
sheath and the proximal portion of the axo- 
neme surrounded by nine dense fibres. The 
mitochondrial sheath contains mitochondria 
organized in a helix of 10-13 windings, with 
a helical or wavy appearance. The nine dense 
fibres surrounded by the mitochondrial sheath 
exhibit an obvious striated surface. Main ultra- 
structural morphological defects and phenom- 
ena of the middle piece include complete or 
incomplete absent mitochondrial sheath, 
smooth or sharply angulated bent middle 
piece, obvious interval between the middle 
piece and the principle piece, middle piece 
with residual cytoplasm, middle piece with 
disassembled and denuded dense fibres 
and/or axoneme, and double or multiple mid- 
dle pieces. 


Keywords 


Axoneme - Mitochondrial sheath - Residual 
cytoplasm - Middle piece - Ultrastructural 
morphology 
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Movement is the most obvious functional feature 
of sperm and an essential prerequisite for natural 
reproduction. The morphological normality and 
structural integrity of the middle piece are the 
basis for sperm motility. The middle piece 
contains the mitochondrial sheath, consisting of 
mitochondria, and the proximal portion of the 
axoneme surrounded by nine dense fibres (Curry 
and Watson 1995; Holstein et al. 1988). The 
mitochondria generate adenosine triphosphate 
(ATP) to supply energy to the axoneme for 
sperm motility. Abnormal morphology or defec- 
tive structure of the middle piece may result in 
poor sperm motility and even immotility (Chemes 
and Rawe 2003; Zamboni 1992). 


4.1 Ultrastructural Morphological 


Features of the Middle Piece 


The middle piece lies between the neck and the 
beginning of the fibrous sheath of the principal 
piece and is clearly distinguishable due to the 
special appearance of the mitochondrial sheath. 
The mitochondrial sheath contains mitochondria 
organized in a helix of 10-13 windings, with a 
helical or wavy appearance (Fig. 4.1). The nine 
dense fibres surrounded by the mitochondrial 
sheath exhibit an obvious striated surface 
(Fig. 4.2). In some spermatozoa, the mitochon- 
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4 Ultrastructural Morphology of Human Sperm Middle Piece 


Fig. 4.1 Appearance of the mitochondrial sheath of the middle piece. An annulus. Lc longitudinal column of the fibrous 
sheath, Mp middle piece, Pp principal piece 


drial sheath is shortened so that an obvious inter- 
val exists between the end of the middle piece and 
the beginning of the principle piece. 

The length of the middle piece varies slightly 
and may be similar to the length of the head or 
longer or shorter than the head. The beginning of 
the middle piece is slightly thicker than the end. 
The middle piece is often covered partly or 
completely by residual cytoplasm, preventing 
full observation of the surface of the middle piece. 


4.2 Ultrastructural Morphological 
Anomalies and Phenomena 


of the Middle Piece 


Main ultrastructural morphological defects and 
phenomena of the middle piece are listed below 
and shown in Figs. 4.3, 4.4, 4.5, 4.6, 4.7, 4.8, 4.9, 


4.2 Ultrastructural Morphological Anomalies and Phenomena of the Middle Piece 


Fig. 4.2 (a) Striated surface of dense fibres of the middle piece. (b) Larger view of the spermatozoon. Df dense fibres, 
Mp middle piece, Pp principal piece 
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. Complete absence of the mitochondrial sheath 


(Figs. 4.3, 4.4, 4.5, 4.6, 4.7, and 4.8). 

. Incomplete absence of the mitochondrial 
sheath (Figs. 3.35, 4.9, and ). 

. Smooth bent middle piece (Figs. ; ; 
and 3). 

. Sharply angulated bent (less than 90°) middle 
piece (Figs. 4.14, , and 4.16). 

. Obvious interval between the middle piece and 
the principle piece (Figs. , ? , and 

" 


4 Ultrastructural Morphology of Human Sperm Middle Piece 


Fig. 4.3 Oval-headed spermatozoon with complete absence of the mitochondrial sheath (arrow) 


. Middle piece with slight or severe residual 


cytoplasm (Figs. 3.4, 3.5, 3.6, 3.43, 3.44, 


, and 3.62). 


. Disassembled and denuded dense fibres and/or 


axoneme (Figs. ; , , , , 
, 8.18, and ). 


. Double or multiple middle pieces (Figs. ; 


; , 2.50, 3.74, and ). 


. Abnormal surface of the mitochondrial sheath 


(Fig. 4.25). 


4.2 Ultrastructural Morphological Anomalies and Phenomena of the Middle Piece 


Fig. 4.4 (a) Oval-headed spermatozoon with complete absence of the mitochondrial sheath (arrow). (b) Whole 
spermatozoon 


4 Ultrastructural Morphology of Human Sperm Middle Piece 


Fig. 4.5 (a) Pointed head spermatozoon with complete absence of the mitochondrial sheath (arrow). (b) Larger view of 
the spermatozoon 


4.2 Ultrastructural Morphological Anomalies and Phenomena of the Middle Piece 


Fig. 4.6 (a) Pointed head spermatozoon with complete absence of the mitochondrial sheath (arrow). (b) Larger view of 
the spermatozoon 
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Fig. 4.7 (a) Wide rod-shaped head spermatozoon with complete absence of the mitochondrial sheath (arrow). (b) Larger 
view of the spermatozoon 


4.2 Ultrastructural Morphological Anomalies and Phenomena of the Middle Piece 


Fig. 4.8 (a) Amorphous head spermatozoon with complete absence of the mitochondrial sheath (arrow) and severe 
residual cytoplasm. (b) Larger view of the spermatozoon 
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Fig. 4.9 (a) Oval-headed spermatozoon with incomplete absence of the mitochondrial sheath (arrow). (b) Whole 
spermatozoon 


4.2 Ultrastructural Morphological Anomalies and Phenomena of the Middle Piece 


Fig. 4.10 (a) Oval-headed spermatozoon with incomplete absence of the mitochondrial sheath (arrow). Disassembled 
and denuded dense fibres and/or axoneme (arrowhead). (b) Larger view of the spermatozoon 
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Fig. 4.11 Oval-headed spermatozoon with smooth bent middle piece (arrow) 


Fig. 4.12 Oval-headed spermatozoon with smooth bent middle piece (arrow) 


4.2 Ultrastructural Morphological Anomalies and Phenomena of the Middle Piece 


Fig. 4.13 Tapered head spermatozoon with smooth bent middle piece (arrow) 


Fig. 4.14 Oval-headed spermatozoon with sharply angulated bent middle piece (arrow) 
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Fig. 4.15 Oval-headed spermatozoon with sharply angulated bent middle piece (arrow) 


Fig. 4.16 Pyriform head spermatozoon with sharply angulated bent middle piece (arrow) 


Ultrastructural Morphological Anomalies and Phenomena of the Middle Piece 


Fig. 4.17 Oval-headed spermatozoon with an obvious interval between the middle piece and the principle piece (arrow) 


Fig. 4.18 Pyriform head spermatozoon with an obvious interval between the middle piece and the principle piece 
(arrow) 


4 Ultrastructural Morphology of Human Sperm Middle Piece 


Fig. 4.19 (a) Pyriform head spermatozoon with an obvious interval between the middle piece and the principle piece 
(arrow). (b) Larger view of the spermatozoon 
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Fig. 4.20 Amorphous head spermatozoon with an obvious interval between the middle piece and the principle piece 
(arrow) 


Fig. 4.21 (a) Middle piece with the disassembled and denuded dense fibres (arrow). (b) Larger view of the 
spermatozoon 


Fig. 4.22 Sharply angulated bent middle piece (arrowhead) (top). Middle piece with the disassembled and denuded 
dense fibres (arrow) (bottom) 


Fig. 4.23 Middle piece with the denuded dense fibres and/or axoneme (arrow) 


4 Ultrastructural Morphology of Human Sperm Middle Piece 


Fig. 4.24 Spermatozoon with conjoined double heads, two necks, two middle pieces (arrows), and one principal piece 


Fig. 4.25 Amorphous head spermatozoon without the surface feature of the mitochondrial sheath. Mp middle piece, Pp 
principal piece 
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Abstract 


The movement characteristics of spermatozoa 
are closely related to the quality of the beating 
of the principal piece, which results from the 
morphological normality and structural integ- 
rity of the principal piece. The principal piece 
is composed of the fibrous sheath and the 
axoneme. The fibrous sheath is throughout 
the principal piece and exhibits a “rib-mesh”’-- 
shaped structural surface. Main ultrastructural 
morphological defects and phenomena of the 
principal piece include smooth or sharply 
angulated bent principal piece, obvious 
spindle-shaped body or a small nodule, irregu- 
lar principal piece, dysplasia of the principal 
piece, coiled tail, conjoined double tails 
("thickening" tail), absence of the fibrous 
sheath (*thin" tail), short tail, flagellum 
absence (no tail), double or multiple principal 
pieces, and defective fibrous sheath. 


Keywords 


Annulus - Fibrous sheath - Longitudinal 
column - Principal piece - Ultrastructural 
morphology 


The principal piece is the longest portion of the 
sperm tail. The movement characteristics of 
spermatozoa are closely related to the quality of 
the beating of the principal piece, which results 
from the morphological normality and structural 
integrity of the principal piece (Mortimer 1997). 
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An abnormal principal piece may contribute to 
impaired sperm motility. 


5.1 Ultrastructural Morphological 


Features of the Principal Piece 


The principal piece lies between the middle piece 
and the terminal piece. The border between the 
middle piece and the principal piece is the annu- 
lus (Fig. 5.1), an electron-dense ring, which is the 
beginning of the principal piece (Curry and 
Watson 1995; Holstein and Roosen-Runge 
1981; Holstein et al. 1988; Wartenberg and Hol- 
stein 1975). In mature ejaculated spermatozoa, 
the annulus is a slightly thickening ring on the 
plasma membrane at the beginning of the princi- 
pal piece and is not easily observed. In some 
spermatozoa with complete or incomplete 
absence of mitochondrial sheath of the middle 
piece, the beginning of the principal piece some- 
times may show a small nodule or a spindle- 
shaped body. 

The length of the principal piece may vary 
considerably. The principal piece is composed 
of the fibrous sheath, the outer dense fibres, and 
the axoneme (Baccetti et al. 1982; Curry and 
Watson 1995; Holstein and Roosen-Runge 
1981; Zamboni 1992). The fibrous sheath is 
throughout the principal piece and exhibits a spe- 
cific structural feature in matured spermatozoa. 
As the plasma membrane is very thin and “trans- 
parent", the fibrous sheath shows a “rib- 
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5 Ultrastructural Morphology of Human Sperm Principal Piece 


Fs 


Fig. 5.1 TEM micrograph of the portion of the middle-principal piece. An annulus, Fs fibrous sheath (arrow), Mi 


mitochondrion, Pm plasma membrane 
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Fig. 5.2 Schematic drawing of the fibrous sheath of the human spermatozoon 


mesh"-shaped structural surface (Figs. 2.2, 5.2, 
5.3, 5.4, 5.35). The semicircular ribs and irregular 
meshes form the characteristic appearance of the 
fibrous sheath of the principal piece. The irregular 
meshes of the fibrous sheath are produced by the 
integration or fusion of neighbouring ribs. The 
semicircular ribs join to form two longitudinal 
columns of the fibrous sheath, which show slight 


keeled ridges (Figs. 2.2 and 5.4). In the distal 
portion of the principal piece, the ribs and meshes 
become thinner and smaller than in the proximal 
portion. In spermatozoa with an absent mitochon- 
drial sheath, the fibrous sheath may also demon- 
strate its normal location and appearance. 
Without the fibrous sheath, the dense fibres 
show a striated surface (Fig. 2.49). 


5.1 Ultrastructural Morphological Features of the Principal Piece 


Fig. 5.3 Whole spermatozoon with a coiled tail (artefact), showing the appearance of the entire fibrous sheath. Es 
equatorial segment, Mp middle piece, Ne neck, Pp principal piece, Ps postacrosomal sheath 


Fig. 5.4 Appearance of the fibrous sheath, showing the longitudinal column of the fibrous sheath (arrow). Terminal 
piece (arrowhead). An annulus 


5 Ultrastructural Morphology of Human Sperm Principal Piece 


Fig. 5.5 Smooth bent principal piece (arrow) 


Fig. 5.6 Smooth bent principal piece (arrow). Dislocation of the neck from the head (arrowhead) 


5.1 Ultrastructural Morphological Features of the Principal Piece 


Fig. 5.7 Sharply angulated bent principal piece (arrow) 


Fig. 5.8 Sharply angulated bent principal piece (arrows) 


5 Ultrastructural Morphology of Human Sperm Principal Piece 


Fig. 5.9 Sharply angulated bent principal piece (arrowhead). Coiled tails (arrows) 


Fig. 5.10 Coiled tail (hairpin tail) 


5.1 Ultrastructural Morphological Features of the Principal Piece 


Fig. 5.11 Coiled tail 


Fig. 5.12 Coiled tail 


5 Ultrastructural Morphology of Human Sperm Principal Piece 


Fig. 5.13 Coiled tail 


Fig. 5.14 Coiled tail 


5.1 Ultrastructural Morphological Features of the Principal Piece 


Fig. 5.15 Coiled tail. Incomplete absence of the principal piece (arrow) 


Fig. 5.16 Coiled tail 


5 Ultrastructural Morphology of Human Sperm Principal Piece 


Fig. 5.17 Coiled tails 


Fig. 5.18 Coiled tail with unknown materials (arrow) 


5.1 Ultrastructural Morphological Features of the Principal Piece 


Fig. 5.19 (a) The beginning of the principal piece shows a spindle-shaped body (arrow). (b) Larger view of the 
spermatozoon 


5 Ultrastructural Morphology of Human Sperm Principal Piece 


Fig. 5.20 (a) The beginning of the principal piece shows a spindle-shaped body (arrow). Complete absence of the 
mitochondrial sheath. (b) Larger view of the spermatozoon 


5.1 Ultrastructural Morphological Features of the Principal Piece 


Fig. 5.21 (a) The beginning of the principal piece shows a small nodule (arrow). Complete absence of the mitochondrial 
sheath. (b) Whole spermatozoon, showing double tails 
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5 Ultrastructural Morphology of Human Sperm Principal Piece 


Fig. 5.22 Disassembled and denuded dense fibres and/or axoneme of the principal piece (arrow) 


5.2 


Ultrastructural Morphological 
Anomalies and Phenomena 
of the Principal Piece 


Main ultrastructural morphological abnormal 
forms and phenomena of the principal piece are 
listed below and shown in Figs. ; 3 ; 3.9, 


. Smooth bent principal piece (Figs. 


, and 


and 


). 


. Sharply angulated bent (less than 90°) princi- 


pal piece (Figs. 5.7, 5.8, and 5.9). 


. Coiled tail (Figs. 5.9, , 3 , , 


, and ) 


. Obvious spindle-shaped body or a small nod- 


ule (Figs. ; , and ). 


5. 


. Short tail (Figs. ; S, 
. Flagellum absence (no tail) (Figs. : : 


Disassembled and denuded dense fibres 
and/or axoneme of the principal piece 
(Fig. ). 


. Irregular principal piece (irregular flagellum 


of dysplasia of the fibrous sheath) (Figs. 
and ). 


. Dysplasia of the principal piece or 
degenerated tail (Figs. 5 and ). 

. Conjoined double tails (showing the 
"thickening" tail) (Figs. and ). 


. Thin tail (absence of the fibrous sheath, 


showing the “thin” tail) (Figs. and ). 


. One sperm head with double or multiple 


principal pieces (Figs. , ; , 
,and ). 
, and ). 


, and ). 


. Defective fibrous sheath (Fig. ). 


5.2 Ultrastructural Morphological Anomalies and Phenomena of the Principal Piece 


Fig. 5.23 (a) Irregular principal piece (arrows) and absent terminal piece. (b) Whole spermatozoon 


5 Ultrastructural Morphology of Human Sperm Principal Piece 


Fig. 5.24 (a) Irregular principal piece (arrow). (b) Whole spermatozoon 


5.2 Ultrastructural Morphological Anomalies and Phenomena of the Principal Piece 


Fig. 5.25 Spermatozoon with dysplasia of the principal piece 


Fig. 5.26 Spermatozoon with dysplasia of the principal piece 


5 Ultrastructural Morphology of Human Sperm Principal Piece 


Fig. 5.27 (a) Spermatozoon with conjoined double tails. (b) Whole spermatozoon with conjoined double tails, showing 
the “thickening tail” 


5.2 Ultrastructural Morphological Anomalies and Phenomena of the Principal Piece 


Fig. 5.28 (a) Spermatozoon with conjoined double tails (top). Spermatozoon with one tail (bottom). (b) Whole 
spermatozoon with conjoined double tails (right), showing the “thickening tail” 


5 Ultrastructural Morphology of Human Sperm Principal Piece 


Fig. 5.29 (a) Spermatozoon without the mitochondrial sheath and the fibrous sheath, showing the “thin tail". (b) Whole 
spermatozoon with a thin tail 


5.2 Ultrastructural Morphological Anomalies and Phenomena of the Principal Piece 


Fig. 5.30 (a) Spermatozoon without the mitochondrial sheath and the fibrous sheath (top), showing the “thin tail.” 
Spermatozoon with double tails (bottom). (b) Whole spermatozoa with a thin tail (top) 


5 Ultrastructural Morphology of Human Sperm Principal Piece 


Fig. 5.31 (a) Spermatozoon with one neck, double middle pieces, and double principal pieces. (b) Whole spermatozoon 
with double tails (top). Spermatozoon with one tail (bottom) 


5.2 Ultrastructural Morphological Anomalies and Phenomena of the Principal Piece 


Fig. 5.32 (a) Spermatozoon with double necks, double middle pieces, and double principal pieces. (b) Larger view of 
the spermatozoon with double tails (middle) 


5 Ultrastructural Morphology of Human Sperm Principal Piece 


Fig. 5.33 (a) Spermatozoon with double necks, double middle pieces, and double principal pieces. Irregular principal 
piece (arrow). (b) Whole spermatozoon with double tails (left). Spermatozoon with one tail (right) 


5.2 Ultrastructural Morphological Anomalies and Phenomena of the Principal Piece 


Fig. 5.34 (a) Spermatozoon with double necks and double tails. Absent mitochondrial sheath and the spindle-shaped 
body (arrow). Coiled tail (arrowhead). (b) Whole spermatozoon with double tails 


5 Ultrastructural Morphology of Human Sperm Principal Piece 


I—4 200 nm 


Fig. 5.35 (a) Double middle pieces with the portions of double principal pieces, showing two 
disassembled and denuded dense fibres and/or axoneme — annuluses (arrows) and the "rib-mesh"-shaped appearance 
and double principal pieces. (b) Larger view of proximal of the fibrous sheath 


5.2 Ultrastructural Morphological Anomalies and Phenomena of the Principal Piece 


Fig. 5.36 (a) Spermatozoon with triple necks, triple middle pieces, and triple principal pieces. (b) Whole spermatozoon 
with triple tails 


5 Ultrastructural Morphology of Human Sperm Principal Piece 


Fig. 5.37 Pyriform head spermatozoon with short tail 


== m uel 


Fig. 5.38 Round head spermatozoon with short tail 


5.2 Ultrastructural Morphological Anomalies and Phenomena of the Principal Piece 


Fig. 5.39 Amorphous head spermatozoon with short tail 


Fig. 5.40 Amorphous head spermatozoon with short tail 


222 


5 Ultrastructural Morphology of Human Sperm Principal Piece 


Fig. 5.41 Defective fibrous sheath of the principal piece, showing irregular fibrous sheath and poor "rib-mesh"-shaped 
structural surface 


References 


Baccetti B, Hafez ESE, Gould KG (1982) Spermatozoa. 
In: Hafez ESE, Kenemans P (eds) Atlas of human 
reproduction. MTP Press, Lancaster/Boston, pp 
197-211 

Curry MR, Watson PF (1995) Sperm structure and func- 
tion. In: Grudinskas JG, Yovich JL (eds) Gametes: the 
spermatozoon. Cambridge University Press, 
Cambridge, pp 45-69 

Holstein AF, Roosen-Runge EC (1981) Atlas of human 
spermatogenesis. Grosse, Berlin 


Holstein AF, Roosen-Runge EC, Schirren C (1988) 
Illustrated pathology of human spermatogenesis. 
Grosse, Berlin 

Mortimer ST (1997) A critical review of the physiological 
importance and analysis of sperm movement in 
mammals. Hum Reprod Update 3:403—439 

Wartenberg H, Holstein AF (1975) Morphology of the 
"spindle-shaped body" in the developing tail of 
human spermatids. Cell Tissue Res 159:435-443 

Zamboni L (1992) Sperm structure and its relevance to 
infertility. An electron microscopic study. Arch Pathol 
Lab Med 116:325-344 


Abstract 


The terminal piece is the last portion of the 
sperm tail and may play a role in coordinating 
the beating of the flagellum. The terminal 
piece contains the axoneme, which is 
surrounded by the plasma membrane. The 
tubules of the axoneme form a single bundle. 
Spermatozoa with too short (less than 3 um), 
too long (more than 10 um), or absent terminal 
pieces are often observed. The plasma mem- 
brane of the terminal piece is easily damaged, 
resulting in a disassembled terminal piece. 


Keywords 


Axoneme - Flagellum - Terminal piece - 
Ultrastructural morphology 


The terminal piece is the last portion of the sperm 
tail. As a part of the tail, the terminal piece 
participates in sperm movement and may play a 
role in coordinating the beating of the flagellum. 
However, the real function of the terminal piece is 
unknown. 
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6.1 Ultrastructural Morphological 


Features of the Terminal Piece 


The terminal piece begins at the end of the fibrous 
sheath of the principal piece and contains the 
axoneme, which is surrounded by the plasma 
membrane. The tubules of the axoneme form a 
single bundle (Curry and Watson 1995; Holstein 
and Roosen-Runge 1981; Holstein et al. 1988). 
The mean length of the terminal piece is 5.29 um 
(Table 7.1). 


6.2 Ultrastructural Morphological 
Anomalies and Phenomena 


of the Terminal Piece 


Spermatozoa with too short (less than 3 um), too 
long (more than 10 um), or absent terminal pieces 
are often observed. The plasma membrane of the 
terminal piece is easily damaged, resulting in a 
disassembled terminal piece. The disassembled 
terminal piece is frequently visible in prepared 
specimens. Figures 6.1, 6.2, 6.3, 6.4, and 6.5 
present some examples of the terminal piece. 
Other examples are shown in Figs. 2.2, 7.10, 
and 7.11. 
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6 Ultrastructural Morphology of Human Sperm Terminal Piece 


Fig. 6.1 Portion of the principal-terminal piece 


Fig. 6.2 Portion of the principal-terminal piece and the terminal piece 


6.2 Ultrastructural Morphological Anomalies and Phenomena of the Terminal Piece 


Fig. 6.3 Portion of the principal-terminal piece and the terminal piece 


Fig. 6.4 Portion of the principal-terminal piece and a long terminal piece (more than 10 um) 


226 6 Ultrastructural Morphology of Human Sperm Terminal Piece 


Fig. 6.5 Portion of the principal-terminal piece and the disassembled terminal piece 


Holstein AF, Roosen-Runge EC (1981) Atlas of human 
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Abstract 


Scanning electron microscopy (SEM) has the 
advantages of high magnification and excel- 
lent resolution, which allows us to clearly 
identify the border of components or 
anomalies of the spermatozoon, benefitting 
the accuracy of ultrastructural morphological 
measurements. Therefore, although sperm 
ultrastructural morphometry is not routinely 
applied and cannot reflect the natural sizes of 
sperm components, it should be useful in 
research for an additional quantitative evalua- 
tion of the components of spermatozoa. In this 
chapter, the ultrastructural morphometry of 
sperm components obtained using the SEM 
measuring system is presented. 


Keywords 


Acrosome - Morphological measurement - 
Sperm - Scanning electron microscopy - 
Ultrastructural morphology 


Human sperm ultrastructural morphological mea- 
surement is the quantitative analysis of cellular 
components of the spermatozoon by using a scan- 
ning electron microscopy (SEM) measuring sys- 
tem. It is helpful for a better understanding of 
components, anomalies, or specific features of 
the spermatozoon. Although the purpose of mor- 
phometry is to obtain data for the recognition of 
sperm morphology, spermatozoa must undergo 
absolute dehydration resulting from multiple 
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SEM preparation procedures, somewhat decreas- 
ing the dimensions of the sperm. In addition, the 
dimensions of the sperm are subject to variations 
according to the different measuring systems 
employed or different SEM methodologies. 
Therefore, the ultrastructural morphometric data 
obtained by SEM are not the actual dimensions of 
living spermatozoa in the natural state. 

Many papers and books have presented the 
morphometry of human spermatozoa, providing 
valuable references (Baccetti et al. 1982; Kruger 
and Franken 2004; WHO 2010). On the other 
hand, systematic data on the ultrastructural mor- 
phology of human sperm have not been obtained 
to date. SEM has the advantages of high magnifi- 
cation and excellent resolution, which allows us 
to clearly identify the border of components or 
anomalies of the spermatozoon, benefitting the 
accuracy of ultrastructural morphological 
measurements. Therefore, although sperm ultra- 
structural morphometry is not routinely applied 
and cannot reflect the natural sizes of sperm 
components, it should be useful in research for 
an additional quantitative evaluation of the 
components of spermatozoa. 


7.1 Ultrastructural Morphometric 


Data of Sperm Components 


The length of the whole spermatozoa and the size 
of the sperm components may vary considerably 
(Fig. 7.1). For each component, ultrastructural 
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7 Ultrastructural Morphological Measurement of Human Sperm 


Fig. 7.1 Different lengths of two spermatozoa (left, right) 


Table 7.1 Ultrastructural morphological measurements of components of human spermatozoa 


Component (um) 


n (NS) 


Morphometric value (range) 


Whole sperm length 42 (30) 49.42 + 3.81 (42.6-57.9) 
Head length 80 (50) 3.93 + 0.34 (3.12-4.7) 
Head width 80 (50) 2.65 + 0.23 (2.07-3.24) 
Length-to-width ratio 80 (50) 1.48 + 0.12 (1.2-1.71) 
Acrosome length 80 (50) 2.72 + 0.29 (1.7-3.61) 
Postacrosomal sheath length 12 (10) 0.71 + 0.16 (0.43-0.98) 
Neck length 47 (36) 0.63 + 0.19 (0.3-1.1) 
Neck width 47 (36) 0.55 + 0.12 (0.4—0.9) 
Middle piece length 47 (36) 3.87 + 0.43 (3.26-4.9) 
Middle piece width 47 (36) 0.48 + 0.11 (0.4—0.8) 
Principal piece length 20 (15) 36.83 + 3.09 (32.73-44.3) 
Principal piece width 12 (10) 0.41 + 0.08 (0.36—0.57) 
Terminal piece length 25 (15) 5.29 + 1.31 (3.44-8.21) 


Note: Results are expressed as mean 4 


E SD 


The width of the middle piece is measured at the centre of the middle piece 
The measuring point of the width of the principal piece is at the proximal portion of the principal piece 
n the number of measured spermatozoa, NS the number of semen samples from different individuals 


morphological measurements were made on 
examples of the selected component with a 
normal-looking and clear border. The ultrastruc- 
tural morphometry 


sperm 


components 


shown in Table 
etry are given in Figs. 7.2, 
8, 7.9, 7.10, and 


obtained using the SEM measuring system is 
. Some examples of morphom- 
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7.1 Ultrastructural Morphometric Data of Sperm Components 


Fig. 7.2 (a) Whole length of the oval-headed spermatozoon. (b) Measurements of the head and the neck-middle piece 


7 Ultrastructural Morphological Measurement of Human Sperm 


Fig. 7.3 Whole length of the pyriform head spermatozoon 
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Fig. 7.4 Whole length of the abnormal head spermatozoon 


7.1 Ultrastructural Morphometric Data of Sperm Components 


Fig. 7.5 Whole length of the abnormal spermatozoon. The sperm head is the narrow side. The mitochondrial sheath of 
the middle piece is incomplete absent 


Fig. 7.6 Measurements of the oval head, showing the length of the head, the acrosome, and the postacrosomal sheath, as 
well as the width of the head 


7 Ultrastructural Morphological Measurement of Human Sperm 


Fig. 7.7 Measurements of the oval head, showing the length of the head, the acrosome, the postacrosomal sheath, and 
the neck-middle piece, as well as the width of the head 


Fig. 7.8 Measurements of the oval head, showing the length of the head, the neck, and the middle piece, as well as the 
width of the head 


7.1 Ultrastructural Morphometric Data of Sperm Components 


Fig. 7.9 Measurements of the oval head, showing the length of the head, the acrosome, the neck, and the middle piece, 
as well as the width of the head 


Fig. 7.10 Length of the terminal piece 
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7 Ultrastructural Morphological Measurement of Human Sperm 


Fig. 7.11 Length of the terminal piece 


7.2 Ultrastructural Morphometry 


of Surface Defects of Sperm 


The ultrastructural morphological measurement 
of sperm defects can aid in understanding the 
degree of anomalies and events related to sper- 
miogenesis. The cavity and nuclear convexity are 


obvious malformations of the surface status of the 
sperm head that have various phenotypes. The 
diameter of the cavity and the length of nuclear 
convexity may be more than 1 um. Figures : 

; , and present some examples of 
measurements for the cavity and nuclear convex- 
ity of the sperm head. 


7.2 Ultrastructural Morphometry of Surface Defects of Sperm 


Fig. 7.12 Diameter of the cavity at the sperm head 


Fig. 7.13 Diameter of the cavity at the sperm head 


7 Ultrastructural Morphological Measurement of Human Sperm 


Fig. 7.14 Diameter of the cavity at the sperm head 


Fig. 7.15 Length of nuclear convexity at the sperm head 
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Abstract 


Scanning electron microscopy (SEM) is a 
powerful approach to improve our understand- 
ing of the ultrastructural morphology of 
human spermatozoa. However, the multiple 
preparation procedures and special observa- 
tion circumstances involved in SEM have 
physical and chemical effects on the 
spermatozoa in sperm samples, potentially 
producing artificial changes at the ultrastruc- 
tural level. The artefacts of sperm ultrastruc- 
tural morphology may be associated with 
sperm structural fragility, electron beam dam- 
age, air-drying effect, centrifugation force 
effect, and inadequate extracellular solution 
effect. In this chapter, possible causes, 
patterns, and prevention of artefacts of sperm 
ultrastructural morphology are discussed. 


Keywords 
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Scanning electron microscopy (SEM) is a power- 
ful approach to improve our understanding of the 
ultrastructural morphology of human 
spermatozoa. However, the multiple preparation 
procedures and special observation circumstances 
involved in SEM have physical and chemical 
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effects on the spermatozoa in sperm samples, 
potentially producing artificial changes at the 
ultrastructural level. Therefore, the correct inter- 
pretation of ultrastructural phenomena is very 
important for distinguishing anomalies from 
misleading artefacts in sperm ultrastructural 
morphology. 

8.1 Possible Causes of Artefacts 
8.1.1 Electron Beam Damage 

A scanning electron microscope forms an image 
via electrons: the electron gun emits a beam of 
electrons to probe the sample in high vacuum. 
This beam is focused and scanned across the 
surface of the sperm, which causes the surface 
to release secondary electrons. The excited sec- 
ondary electrons are collected and processed to 
produce the image (Joy and Pawley 1992; Joy 
2009). As the focused electron beam hits the 
surface of the sperm, a certain amount of the 
kinetic energy of the energetic electron is trans- 
ferred to heat energy (Egerton et al. 2004; Jiang 
2016), increasing the temperature on the surface 
of the sperm. The heated surface may produce 
“electron beam damage” that severely affects the 


surface structures and the components of the 
sperm (Zhu 2018). 
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8.1.2  Air-Drying Effect 

To prepare the sperm sample for SEM, the 
washed sperm suspension is smeared on the 
precleaned cover slip and air-dried. However, 
air-drying may induce shrinkage of fragile surface 
structures and even reduce the dimensions of the 
sperm (Cooper 2012; Dong et al. 2006; Katz et al. 
1986; WHO 2010). In addition, the air-drying of 
sperm smears may produce a shear force on the 
components of the sperm, altering the sperm 
ultrastructural morphology. 


8.1.3 Centrifugation Force Effect 
Although washing procedures for removing sem- 
inal plasma are commonly performed to reveal 
the clear surface of the sperm in preparation for 
SEM, centrifugation force exerts stress on the 
structural components of the sperm (Henning 
et al. 2005; Makler and Jakobi 1981; WHO 
2010). High centrifugation force may cause 
mechanical damage to the structures of the 
sperm, altering the sperm ultrastructural morphol- 
ogy (Zhu 2018). 


8.1.4  Extracellular Solution Effect 
Sperm are very sensitive to changes in their extra- 
cellular environment. Extracellular solutions, 
such as inadequate washing medium and fixative, 
may cause sperm ultrastructural modifications 
under certain conditions. For instance, sperm tail 
coiling (swelling) will occur upon exposure to a 
hypoosmotic extracellular environment 
(Jeyendran et al. 1984; Zhu and Liu 2000). 


8.1.5 Poor Storage Conditions 

The prepared specimen should be kept in a clean, 
dry condition before and after observation. Poor 
storage conditions, such as humidity and dust, 
may reduce the conductivity of the surface of 
the sperm and cause specimen contamination, 
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lowering the image quality and influencing the 
sperm ultrastructural morphology. 


8.2 Patterns of Artefacts 

Certain diseases of male infertility are associated 
with sperm ultrastructural morphological defects 
(Chemes et al. 1999; Courtot et al. 1994; 
Dadoune 1988; Fujita et al. 1970; Gatimel et al. 
2017; Gómez-Torres et al. 2007; Liakatas et al. 
1982; Moretti et al. 2011; Rawe et al. 2002). On 
the other hand, artefacts of sperm ultrastructural 
morphology may be produced (Zhu 2018). There- 
fore, it is important to distinguish defective ultra- 
structural morphology from an artefact in the 
analysis of sperm ultrastructural morphology. 
The following ultrastructural phenomena may be 
associated with artefacts of sperm ultrastructural 
morphology. 


8.2.1 Rupture of the Sperm Head 
This artefact pattern results from electron beam 
damage, especially when the sample undergoes 
repeated observations (Figs. 8.1, 8.2, 8.3, 8.4, 8.5, 
8.6 and 8.7). 


8.2.2 Separation of the Sperm Neck 


or Head-Middle Piece 


This artefact pattern is associated with electron 
beam damage and the air-drying effect (Figs. 8.8, 
8.9, 8.10, 8.11, 8.12, and 8.13). 


Disassembled and Denuded 
Dense Fibres and/or Axoneme 
of the Tail 


8.2.3 


These types of tail damage are associated mainly 
with the centrifugation force effect (Figs. 8.14, 
8.15, 8.16, 8.17, 8.18 and 8.19). 


8.2 Patterns of Artefacts 


Fig. 8.1 Oval head with two slight splits in the postacrosomal region (arrows) 


Fig. 8.2 Two oval heads with cracks at the border between the acrosome and the postacrosomal region (arrows). A 
crack lies between the middle piece and the principle piece (arrowhead) 
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Fig. 8.3 Oval head with severe cracks and peelings (arrow) 


Fig. 8.4 Oval head with severe cracks and peelings in the postacrosomal region (arrow) 
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Fig. 8.5 Pyriform head with severe cracks and peelings (arrow) 


Fig. 8.6 Round head with severe cracks and peelings (arrow) 
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Fig. 8.7 Conjoined double heads with severe cracks and peelings (arrows) 


8.2.4 Tail Modification 

Multiple factors, such as the centrifugation force 
effect and the extracellular solution effect, may 
result in modification of the tail (Zhu 2018). 


8.3 Prevention of Artefacts 

Artefacts of sperm ultrastructural morphology 
may be associated with sperm structural fragility, 
preparation conditions, and electron beam dam- 
age. To avoid producing misleading artefacts and 
minimize ultrastructural morphological 


alterations, preparation and observation of the 

sperm specimen should be considered. 

1. Selection of adequate centrifugation, fixative, 
and washing medium. 

2. Shortening exposure time in the vacuum 
chamber of the electron microscope 
(<60 min/sample). 

3. Decreasing repeated observations (not excess 
3 times/sample). 

4. Using low accelerating voltage. 

5. Viewing large scanning areas with low 
magnification. 

6. Photographing the actual field as quickly as 
possible. 
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|I—] 200 nm 


Fig. 8.8 (a) Oval-headed spermatozoon with two incom- split lies between the middle piece and the principal piece 
plete splits (arrows). (b) The incomplete split lies between (arrow). An annulus, Ac acrosome, Ps postacrosomal 
the neck and the middle piece (arrow). (c) The incomplete sheath 
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Fig. 8.8 (continued) 


Fig. 8.9 Round head with an incomplete split at the neck region (arrow) 
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Fig. 8.10 Pyriform head with an incomplete split at the neck region (arrow). A severe crack lies at the border between 
the acrosome and the postacrosomal region (arrowhead) 


Fig. 8.11 Oval head with complete split at the neck region, resulting in separation between the head and the middle 
piece (arrow) 
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Fig. 8.12 Amorphous head with complete split at the neck region, resulting in separation between the head and the 
middle piece (arrow) 


Fig. 8.13 Most spermatozoa show complete splits at the neck region, resulting in separations between the head and the 
middle piece 


8.3 Prevention of Artefacts 


Fig. 8.14 (a) Middle piece with the disassembled and denuded dense fibres and/or axoneme (arrow). (b) Larger view of 
the spermatozoon 
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Fig. 8.15 (a) Middle piece with the disassembled and denuded dense fibres and/or axoneme (arrow). (b) Larger view of 
the spermatozoon 


Prevention of Artefacts 


Fig. 8.16 Middle piece with the disassembled and denuded dense fibres and/or axoneme. Sharply angulated bent middle 
piece (arrow) 


Fig. 8.17 Middle piece with the disassembled and denuded dense fibres and/or axoneme. Sharply angulated bent middle 
piece (arrow) 
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Fig. 8.18 Middle piece with the disassembled and denuded dense fibres and/or axoneme (arrow). Complete split at the 
middle piece (arrowhead) 


Fig. 8.19 Middle piece with severely disassembled and denuded fibres and axoneme (arrow). Mitochondrial sheath 
disappearing. Head with severe cracks and peelings (arrowhead) 
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Abstract 


High-quality visualization of sperm is an impor- 
tant prerequisite for the analysis of sperm ultra- 
structural morphology, which depends on the 
adequate preparation of specimens for scanning 
electron microscopy. An accurate evaluation of 
sperm ultrastructural morphology is not possible 
when poorly prepared specimens are used. 
Therefore, each step of the preparation should 
be carefully performed to avoid influencing the 
quality of the images of sperm ultrastructural 
morphology or producing artefactual morphol- 
ogy. This chapter addresses ideal preparation 
conditions and inadequate preparation patterns 
of the sperm sample. 
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High-quality visualization of sperm is an impor- 
tant prerequisite for the analysis of sperm ultra- 
structural morphology, which depends on the 
adequate preparation of specimens for scanning 
electron microscopy (SEM). An accurate evalua- 
tion of sperm ultrastructural morphology is not 
possible when poorly prepared specimens are 
used. However, the entire preparation procedure 
is a “black hole” since the quality of multiple 
preparations remains unknown until the specimen 
is observed with a scanning electron microscope. 
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Check for 
updates 


Therefore, each step of the preparation should be 
carefully performed to avoid influencing the qual- 
ity of the images of sperm ultrastructural mor- 
phology or producing artefactual morphology. 


9.1 Ideal Preparation Conditions 
Ideally, the sperm specimen prepared for SEM 
should meet the following conditions. 


1. The whole preparation process should have a 
minimal effect on the shape and size of the 
spermatozoa. 

2. The background should be clean so that the 
spermatozoa can be clearly observed. 

3. The spermatozoa on the cover slip should have 
an adequate dispersiveness for easy observa- 
tion. Figures 9.1, 9.2, 9.3, 9.4, 9.5, 9.6, 9.7, 
9.8, and 9.9 present examples of spermatozoa 
with adequate dispersiveness at different 
magnifications (scale bars). 

4. The sperm monolayer on the cover slip should 
be formed so that minimal overlap of 
spermatozoa occurs (Figs. 9.1, 9.2, 9.3, 9.4, 
9.5, 9.6, 9.7, 9.8, and 9.9). 

5. The seminal plasma or debris should be 
removed so that the surface of the spermatozoa 
is as clean as possible. 

6. The working solutions used should be as clean 
as possible to prevent surface structures from 
being contaminated. 
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9 Phenomena Related to Inadequate Preparation of Human Sperm 


Fig. 9.1 Spermatozoa with adequate dispersiveness in the field with a 10 um scale bar. Sperm monolayer. All heads, 
necks, and middle pieces of spermatozoa can be analysed 


Fig. 9.2 Spermatozoa with adequate dispersiveness in the field with a 10 um scale bar. Sperm monolayer. Most heads, 
necks, and middle pieces of spermatozoa can be analysed 


9.1 Ideal Preparation Conditions 


Fig. 9.3 Spermatozoa with adequate dispersiveness in the field with a 10 um scale bar. Most heads, necks, and middle 
pieces of spermatozoa can be analysed. Some tails overlap 


Fig. 9.4 Spermatozoa with adequate dispersiveness in the field with a 20 um scale bar. Sperm monolayer. Most heads, 
necks, and middle pieces of spermatozoa can be analysed 
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Fig. 9.5 Spermatozoa with adequate dispersiveness in the field with a 20 um scale bar. Sperm monolayer. Most 
spermatozoa are clearly visible. Several tails overlap 


Fig. 9.6 Spermatozoa with adequate dispersiveness in the field with a 20 um scale bar. Sperm monolayer. Several tails 
overlap 


9.1 Ideal Preparation Conditions 


Fig. 9.7 Spermatozoa with adequate dispersiveness in the field with a 50 um scale bar. Sperm monolayer. Most 
spermatozoa can be analysed 


Fig. 9.8 Spermatozoa with adequate dispersiveness in the field with a 50 um scale bar. Sperm monolayer. Most 
spermatozoa can be analysed. Some tails overlap 
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Fig. 9.9 Spermatozoa with adequate dispersiveness in the field with a 50 um scale bar. Most spermatozoa can be 
analysed. Some tails overlap 


7. The surface of spermatozoa (a nonconductive 
specimen) should be coated with a conductive 
metal prior to observation so that the 
spermatozoa can be clearly imaged. 


9.2 Inadequate Preparation 
Patterns 


Inadequate preparation of the sperm sample 
makes it difficult to identify the details of sperm 
surface ultrastructural morphology. Phenomena 
related to inadequate preparations usually occur 
in combination on the cover slip. Different fields 
may have different quality of visualization of the 
sperm and background. The major phenomena 
related to inadequate preparations are described 
below. Figures ; I : " ; 1 


, E) , E) , $ , > 


, y , E , E) dist E 


, and show representative patterns of 


inadequate preparations. 


1. The residual seminal plasma covers the surface 


of spermatozoa (Figs. 3 9.11, > 
and ). 


. The residual seminal plasma disturbs the sur- 


face structures of spermatozoa (Figs. 9.15, 
; and ). 


. The background has too much debris and 


particles or severe residual seminal plasma 
(Figs. 9.18, and ). 


. The sperm layer is not monolayer or sperm 


density too high. Multiple spermatozoa overlap. 
Figures ; 1 3. , and 5 present 
examples of overlapping spermatozoa at differ- 
ent magnifications (scale bars). 


. The spermatozoa are too sparse on the cover 


slip so that spermatozoa cannot be easily 
found. To avoid this situation, at least 
3 repeated cover slips are needed. 


9.3 Sample Preparation 
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Fig. 9.10 The anterior parts of two sperm heads are covered by residual seminal plasma 


6. The sperm pellet has not been fully pipetted so 
that the washed spermatozoa are not dispersed 
well after spreading (Figs. 9.26, : and 

). 

7. Contaminated working solutions have been 
used (Figs. 9.30, 9.31, , and 9.33). To 
avoid this problem, fresh solutions should be 
prepared and filtered before use. Sometimes 
bacteria can be observed in infected semen 
(Fig. 9.34). 

8. Artefacts of sperm ultrastructural morphology 
are produced (see the detailed in Chap. 8). 


9.3 Sample Preparation 

The quality of SEM sample preparation depends 
not only on the methodology employed but also on 
technical skill and experience. Routine SEM prep- 
aration procedures for human spermatozoa are 


available in many papers and books (Baccetti and 


Burrini ; Chemes et al. ; Fujita et al. 
; Liakatas et al. ; Nussdorfer et al. : 
Ricci et al. ; Zhu ). For different types of 


semen or sperm samples, such as high-viscosity, 
haemospermia, leukospermia or debris-laden 
samples, different approaches may be needed. 
Careful washing of sperm prior to fixation and 
adequate spreading of the sperm suspension may 
be beneficial for clear visualization. Throughout the 
preparation process, care is needed to avoid the 
toxic effects of some of the chemicals. The proce- 
dure used in the author’s laboratory was as follows. 


1. First, 0.5 mL of liquefied semen was placed 
in a 15-mL conical centrifuge tube. 

2. Next, 5 mL of Dulbecco’s modified Eagle 
medium (DMEM) was added to the centri- 
fuge tube. The spermatozoa were washed by 
gentle pipetting. 

3. The solution was centrifuged at 300 x g for 
5 min. 
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Fig. 9.11 The heads, necks, and middle pieces of spermatozoa are severely covered by residual seminal plasma 


Fig. 9.12 Spermatozoa are severely covered by residual seminal plasma 


9.3 Sample Preparation 


Fig. 9.13 The background has severe residual seminal plasma. The tails of three spermatozoa are covered by residual 
seminal plasma 


Fig. 9.14 The background has severe residual seminal plasma. Spermatozoa overlap 
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Fig. 9.15 The spermatozoon is contaminated with particles 


Fig. 9.16 The acrosomal region is covered by residual seminal plasma 
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Fig. 9.17 The tail is disturbed by residual seminal plasma 


Fig. 9.18 The background is severely contaminated with debris and particles 
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Fig. 9.19 The background is contaminated with debris and particles 


Fig. 9.20 Mark of residual seminal plasma 


9.3 Sample Preparation 


Fig. 9.21 Overlapping spermatozoa in the field with a 5 um scale bar. The background is clean. Most of the heads are 
clearly visible 


Fig. 9.22 Overlapping spermatozoa in the field with a 10 pm scale bar. Most of the heads are clearly visible 
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Fig. 9.24 Overlapping spermatozoa in the field with a 20 um scale bar. The background is clean. Some of the heads are 
clearly visible 


Sample Preparation 


Fig. 9.26 Spermatozoa are not dispersed. Several heads are clearly visible 
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Fig. 9.27 Spermatozoa are not dispersed 


Fig. 9.28 Spermatozoa are not dispersed. The sperm pellet contains residual seminal plasma 


9.3 Sample Preparation 


Fig. 9.30 A contaminated working solution was used. The background shows severe cocci 
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Fig. 9.31 Oval-headed spermatozoon with cocci 


Fig. 9.32 Abnormal head spermatozoon with cocci 


9.3 Sample Preparation 


Fig. 9.33 Abnormal head spermatozoon with cocci 


Fig. 9.34 The head of the spermatozoon has a rod-shaped bacterium 
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10. 


11. 


12. 


13. 


14. 


15. 


9 Phenomena Related to Inadequate Preparation of Human Sperm 


. The supernatant was removed. 
. The washing procedure (steps 2, 3, and 4) 


was repeated. 


. Next, 30-50 pL (depending on sperm den- 


sity) of DMEM was added to the final pellet, 
which was suspended by gentle pipetting. 


. The washed sperm suspension was smeared 


very thinly on the precleaned cover slip. At 
least 3 repeated cover slips were prepared for 
each sample. 


. The smears were allowed to dry in air. 
. Once the smears were air-dried, they were 


fixed immediately in 2.5% glutaraldehyde in 
0.2 mol/L phosphate buffer solution (PBS, 
pH 7.2) for 24 h at 4 °C. 

After fixation, the smears were immersed in 
0.1 mol/L PBS for cleaning (3 times) for 
1 min each. 

For dehydration of the smears, immersion in 
50%, 70%, 80%, 95%, and 100% ethanol 
(3 times) was performed, followed by 
isoamyl acetate replacement (3 times), for 
3 min each. 

The smears were critical-point-dried with 
carbon dioxide. 

The smears were cut into 5 mmx 5 mm 
pieces with a glasscutter. 

The cover slip fragments were adhered to the 
surface of the specimen stage using a 
conducting resin. 

The surface of the cover slip fragments was 
coated with a thin gold layer using a sputter 
coaters. 


16. The prepared specimens were observed using 
a scanning electron microscope. 

17. The prepared specimens were kept in a clean 
dryer and observed within 2 weeks. 
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